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Theme of the month in 
November will be 
Microprocessors and 
Computers 


Also in the November 
issue: 
Extension card for 
Archimedes 
CMOs preamplifier 
8098 evaluation board 
3 1/2 LED-digit SMD 
voltmeter 
EPROM simulator 
Speeding up the 
computer 
Multiplex control with 
U6050/6052 
Computer mouse 


We regret that owing to 
circumstances beyond our 
control neither “SAVE 
decoder” nor “Dark-room 
clock” could be published 
this month. 


Front cover 

Automation in the British 
industry is booming. The 
vast majority of factories in 
the UK now have some form 
of automation or computer- 
aided design facilities. 
Engineers are shown here 
using a 3D) modelling sys- 
tem at the Strathclyde 
Institute in Glasgow, which 
has recently set up a new 
centre for computer integrat- 
ed manufacture (CIM), It is 
Britain's first wholly inde- 
pendent CIM establishment 
and is claimed to be the 
largest of its kind in Europe. 
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CABLE TV: A RENAISSANCE? 


The British cable television industry died a premature death in the early 1980s, whereas 
that in the USA and continental Europe continued to thrive. The reasons for the failure 
in Britain were twofold. Firstly, the operating costs of the ‘wired society’ proved much 
higher than budgeted. Secondly, and perhaps more importantly, the cable companies 
could not provide enough new channels to tempt viewers to hire a cable terminal. In 
contrast, many viewers in North America had a choice of more than 50 channels and 
those in western Europe of up to 20 or so. 


British viewers, aller the Americans the most ardent television watchers in the world, 
want more television. They want more choice like viewers in North America and 
continental Europe, What they want in particular is more feature films — and they are 
prepared to pay for it. This is borne out by the staggering fact that the British spend 
close to £1 billion a year on buying and renting video cassettes (in Britain, there are 
more VCRs per household than anywhere else in the world). 


To meet these demands, British satellite TV was born. Early this year, Sky Television 
started to beam down the first of its planned programmes via the Luxembourgian 
satellite Astra, while British Satellite Broadcasting is planning to launch its 
programmes early next year. Together, these two operators will eventually provide 
(according to current planning) up to ten additional television channels. Not 
surprisingly, there is intense rivalry between the two, 


Unfortunately for the viewer, Sky has chosen to cling to the outdated PAL system 
(undoubtedly to be first on the air), whereas BSB has opted wisely, at least from a long- 
term point of view, for the superior MAC system. Viewers will, therefore, be able to 
receive the programmes from only one of the two satellites direct, unless they install 
two different receivers and aerials. 


No doubt, most viewers will decide, wherever possible, to be connected to a cable 
system (at an average cost of just under £20 per month) that shows the programmes of 
both Sky and BSB in preference to cluttering up their homes with two sets of different 
equipment (at a cost of at least £300 per set). Ironically, therefore, the cable television 
industry is being reborn from the rivalry between the two satellite operators. 


The satellite operators should, however, find some consolation in the fact that cable 
television will allow, or at least help, them to make a profit in the lifetime of their 
shareholders, who have already invested close to £1 billion and are being asked for 
more. Some observers think it highly unlikely that, without the income from cable 
television, the two satellite operators will be able to break even in the next 20 years. 
They estimate that the break-even point (assuming both operators survive) will be 
reached at a market penetration of about 30%, which is equivalent to more than six of 
the 21 million homes in Britain being able to receive the two sets of programmes. They 
believe that this level of penetration will not be reached, if at all, until well into the next 
century and some feel, therefore, that neither of the two organizations will break even 
until one has been forced out of the race. 


Who that will be is anybody's guess. Both competitors have a fair chance of survival, 
since both have some unique advantages: Sky commercial ones and BSB political and 
technical ones. BSB's satellite will probably deliver a slightly better picture and its 
smaller dish will be easier to install and be less obtrusive. Both operators should bear in 
mind, however, that viewers want to be able to choose between programmes, not 
technologies, so that, if North America is anything to go by, the company with the best 
movie channel will win. Based on the current situation, our view is that the real winner, 
at least in the short to medium term, will be Britain's cable television industry. And let 
us not forget that if and when one of the satellite operators is forced out, there will be 
another loser: the British viewing public. 
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CD ERROR DETECTOR 


T. Giffard 


As almost any owner of a CD player must have noted at some time, 

serious scratches and other surface irregularities on compact discs 
cause sound reproduction errors that are beyond the capabilities of 
the error correction circuits in the player. The present circuit gives a 
reliable indication of the quality of the CD by counting the number of 


The degree of redundancy built into the 
digital coding system used for compact 
discs allows complex electronic circuitry 
to detect and correct many errors as the 
disc is playing. The actual correction oper- 
ations go unnoticed by the listener, but do 
have their practical limits. 

The Present error detector is a | a -digit 
The circuit is suitable for use with any e D 
player that incorporates signal processing 
ICs of the second or third generation from 
Philips Components. 

The counter is connected to the error 
detection output on the laser control and 
error correction system of the CD player, 
and indicates the number of times the 
laser detects a scratch, a hole in the metal- 
lized surface, or any other surface irregu- 
larity on the disc. Ev idently, the higher the 
read-out of the error detector, the lower 
the quality of the compact disc. 


Error correction in a CD 
player 


The laser that scans the dise surface sup- 


playback errors. 


plies a high-frequency signal from which 
the digital information is recovered. The 
block diagram of a second-generation CD 
ee from Philips (Fig. 1) shows that the 
amplification of this signal is one of the 
functions of the TDA5708, which also ser- 
ves to control and focus the laser. The 
TDA5708 signals the presence of large er- 
rors in the HF signal to the decoding IC, 
which responds by starting an error cor- 
rection process. The TDA5708 also en- 
sures that the information formed by the 
microscopic holes in the CD surface is cor- 
rectly read. This function is required to 
compensate the laser scanning operation 
if the size of the holes is found to be out- 
side certain limits. 

Errors may also arise from incorrect 
control of the play mechanism. These er- 
rors are, of course, not caused by the disc, 
but by the CD player, whose alignment 
may need re-adjusting. Unfortunately, 
these errors are not found in the error 
detection signal supplied by the 
TDA5708. 

The HF output signal of the TDA5708 
requires quite some processing before an 
audio signal is available. As shown in 


Fig. 1, four ICs are used to accomplish 
this: an SAA7210, an SAA7220, a 
TDA1541 and a TIDA1542. Of these, the 
SAA7210 performs the bulk of the error 
correction. The SAA7220 contains the 
oversampling filter and an interpolation 
circuit for errors that can not be corrected 
by the SAA7210. Only the SAA7210 and 
SAA7220 are relevant to the operation of 
the present error detector. 

The SAA7210 performs error correc- 
tion on the basis of the Cross-Interleaved 
Reed-Solomon Code (CIRC), adopted as 
part of the Philips/Sony standard for 
compact disc players. In principle, the sys- 
tem can handle the correction of a maxi- 
mum of 4,000 successive bits, although 
this number is increased to 12,300 by 
means of interpolation. In practice, this 
means that virtually all small errors, such 
as digital pattern irregularities caused by 
disc production errors, can be corrected 
by this IC. The SAA7210 uses a RAM buff- 
er for data storage and correction. If cor- 
rection is impossible, a simple 
interpolation operation is performed. 
Should this also exceed the error correc- 
ting capabilities, the SAA7210 prompts 
the SAA7220 to interpolate a maximum of 
8 successive datawords. The audio output 
of the CD player is only muted when all 
correction mechanisms fail because of a 
totally unrecoverable error. 

It would be interesting to count the 
actual number of times the error correc- 
tion circuit is actuated, but this is, unfor- 
tunately, not so simple in view of the high 
degree of integration of the currently used 
IC sets in CD players. 

Looking at the error detection systems 
that produce accessible signals, the HFD 
(high-frequency Detector) output of the 
TDA5708 appears to be suitable. It should 
be noted that although some Philips CD 
players do not have a TDA7508, the HFD 
signal is usually fairly simple to find with 
the aid of a circuit diagram. The HFD out- 
put is actuated when the signal supplied 
by the laser diode drops considerably as a 
result of a serious error on the disc. This 
makes the HFD output signal suitable for 
driving the error detector circuit. As al- 
ready stated, the HFD signal is used to 
signal to the SAA7220 that an error has 
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The counter: simple as can 
be 


The circuit diagram of the CD error detec- 
tor is given in Fig. 2. Only six ICs are used. 
Four common-anode LED displays are 
driven by open-collector display drivers 
Type 74LS247. This IC is used here be- 
cause it provides ripple blanking and neat 
indications of the numbers 6 and 9, avoid- 
ing ‘b’ and ‘q’ like appearances respective- 
ly. A disadvantage of the 7415247 is the 
lack of an internal latching register, which 
complicates multiplexing considerably. 
Multiplexing is, therefore, not used in the 
circuit, obviating the possible risk of inter- 
ference by fast changing digital signals. 
The maximum current consumption of 
the LED read-out is reached when four 
digits ‘8° are displayed. This combination 
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XTAL2 
CEFM 


DEEM 


SCAB 
SDABR 
CLAB 
AAR 
EFAB 
WSAB 


SAAT220 
digital fitter 


requires a supply current of 4x7x10 mA = 
280 mA. The use of high-efficiency dis- 
plays allows the segment current to be 
reduced drastically by changing resistors 
Ri through R2s to, say, 1 kQ types. 

The Q outputs of counters [Cs and [Cs 
are connected direct to the inputs of the 
display drivers. The read-out circuit is set 
up to provide leading zero suppression: 
an error count of, for example, 8 is dis- 
played as ‘8’, not ‘0008’. 

The counter circuit has 3 input termi- 
nals. The connection of the ground termi- 
nal is straightforward because it goes to a 
grounded point in the CD player, near the 
SAA7210 or SAA7220. Input terminal A of 
the counter circuit is connected to the 
MUTE signal that should be available in 
any modern CD player. The MUTE signal is 
active when the laser assembly is moved, 
so that audible noise then generated is 


supply 
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Block diagram of a typical compact disc player based on Philips Components’ second and third generation of CD decoder chips. 


effectively suppressed. In the counter cir- 
cuit, the MUTE signal is used to disable the 
counters and prevent false readings as the 
laser is repositioned. Input B, finally, is 
connected to the HFD pin of the SAA7220. 
Provided the MUTE signal is not active, the 
counter is incremented at each pulse on 
the HFD line. 

The 4 counters used in the circuit are 
housed in two [Cs Type 4518. The 
counters are linked via their Q3 outputs to 
form a cascade capable of counting up to 
9999 clock (HFD) pulses. Such a high error 
count should, however, be rare. 

Switch Si allows the counter to be 
cleared, which is useful if several discs are 
played in succession. The switch takes the 
RST inputs of all 4 counters high. An auto- 
matic reset of the circuit at power-on may 
be achieved by fitting a 100 nF capacitor 
across 51. 


6 
AUDIO & HI-FI 


R1..A28 = 330°? 


Fig. 2. 


Construction 


The lay-out of the compact printed-circuit 
board for the error detector is shown in 
Fig. 3. Cut off the display section of the 
board so that it can be mounted vertically 
on to the main board by means of short 
pieces of solid wire, as illustrated by the 
photograph of Fig. 4. Do not cut off the 
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Fig. 3. 
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Circuit diagram of the 4-digit error detector for compact disc players. 


display section if you want to install the 
detector in the top panel of the CD player. 

All parts are mounted on to the PCB. 
Do not damage the LED displays by sol- 
dering them direct on to the PCB — in- 
stead, use a single 40-pin IC socket to hold 
them all. 


Printed circuit board for the CD error counter. 


Make the right connections 


The circuit was designed and tesied by 
connecting it to a Philips CD player with 
the previously mentioned chip set. First- 
generation versions or players from other 
manufacturers may have other chips or 
even discrete circuits. The service do- 
cumentation with such a CD _ player 
should enable the two necessary control 
signals, HFD and MUTE, to be found. 

Connecting the error detector to a CD 
player with aSAA7210 is simple. Figure 5 
shows the pin-out of this [C. Ground is 
connected to pin 20, MUTE to pin 11 and 
HED to pin 26. If there is also a SAA7220 in 
the player, the MUTE signal of the SAA7210 
is usually not connected. If this is the case, 
use the MUsB signal at pin 23 of the 
SAA7220. 


Semiconductors: 


LDi —LDé = HD1131 (common-anode; Sié- 
mens). OR 
IO +104 = 74LS247. 

1Cs5;ICe = 4518 ss 


Miscellaneous: 
S1 = push-to-make button. PT 
PCB Type 890131 (see Readers Services — o 
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Fig. 4. The prototype circuit connected to a Philips CD960 compact disc player. The 
display section is mounted vertically on to the main board. 
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CD ERROR DETECTOR 


It is also possible to connect the detec- 
tor to another error signal, EFAB at pin 36 
of the SAA7210. EFAB is actuated when the 
correction and interpolation operations 
performed by the SAA7210 fail to yield a 
100% correct signal, and further interpo- 
lation is required by the SAA7220, if 
fitted. The signal allows you to check 
whether the information to the D-A con- 
verters is a true copy of the original data 
on the compact disc. If the SAA7220 is 
called upon for additional interpolation, 
the CD player makes a ‘guess’ when it 
replaces a number of bits found missing. 
In a practical test, a CD player with good 
error correction proved capable of pro- 
ducing no EFAB errors in spite of more than 
1,000 counted HFD errors. 

The 5 V power supply for the circuit 
must be regulated. If high-efficiency dis- 
plays are used, it should be possible to 
power the circuit from the 5 V supply in 
the CD player. In all other cases, use a 
standard supply built from a Type 7805 
voltage regulator and the usual decoup- 
ling capacitors at the input and output. 


For further reading: 


1. “Decoding ICs for CD players". Elektor 
Electronics January 1989, 

2. “Philips-Sony digital audio interface". 
Elektor Electronics June 1988, 

3. “Pitch control for CD players". Elektor 
Electronics December 1988, 

4. “The compact disc". Elekfor Electronics 
July/August 1987. 
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Fig. 5. Pinning of the SAA7210. 


RF INDUCTANCE METER 


J. Bareford 


It is a downright shame not to be able to use many of your inductors 
simply because their value is not known. First in a new series of 
budget test equipment for the home constructor, the RF inductance 
meter leaves coloured bands and unfamiliar codes on 
high-frequency inductors for what they are, and gives a reliable 
indication of inductance as well as relative Q (quality) factor on an 
analogue scale. The usable range extends from about 50 nH to 4 mH. 


The present inductance meter is intended 
for high-frequency inductors, and for this 
reason it is based on a measuring method 
rather different from that of the digital 
inductance meter described in Ref. 1. 

The principle adopted here is applying 
a known frequency to an 1.-C tuned circuit 
of which the inductance, L, is unknown, 
and the capacitance, C, is variable but cali- 
brated. At a certain value of C, the tuned 
circuit resonates, which is detected by 
means of a signal rectifier. The value of C 
required to achieve resonance at the 
known test frequency provides a measure 
of the inductance, which can be read off as 
the relative setting of the variable capaci- 
tor. The resultant voltage across the L-C 
combination provides a measure of the 
relative loaded Q (quality) factor of the 
inductor under test: the higher the Q fac- 
tor, the higher the resonance voltage. 


Circuit description 


The circuit diagram of Fig. 1 may conveni- 
ently be divided into five functional parts. 

To begin with, there are two clock os- 
cillators. One, a 7.5 MHz oscillator is set 


up around quartz crystal X2 and low- 
power Schottky inverter Ns. The other, set 
up around Ni and Xi, oscillates at 
24 MHz, or about 10 times 7.5 MHz. The 
ratio of ¥10 ensures the correct scale fac- 
tors for the ranges of the instrument. 

The second functional part of the cir- 
cuit is formed by dividers IC2 and [C3, 
Circuit IC2, a Type 74HCT390 dual decade 
counter, is driven by the 24 MHz clock 
signal, and supplies 2.4 MHz (divide-by- 
10) at output QA1, and 240 kHz (divide- 
by-100) at output QA2. The second 
divider, ICs, is a decade counter Type 
74HCT4017. It is driven by the 7.5 MHz 
clock signal, and supplies 750 kHz 
(divide-by-10) at the CARRY OUT (CO) 
pin. 

Five HCMOS bus drivers and associ- 
ated double L-C band-pass filters form the 
third functional block. Impedance match- 
ing resistors are fitted between the buffers 
and the filter inputs. Each band-pass filter 
is accurately tuned to its input signal fre- 
quency to prevent the inductor under test 
resonating at an harmonic of the test fre- 
quency, which would cause too low in- 
ductance values to be indicated, 


The fourth block is formed by range 
selector Si and wideband push-pull am- 
plifier Ti-T2, The available ranges and as- 
sociated multipliers are shown inset in the 
circuit diagram, and on the front panel of 
the instrument. 

The last functional block consists of the 
inductor under test, Lx, and the signal rec- 
tifier, Da-Cxs. The high signal levels used 
for testing inductors allow a fairly simple 
rectifier to be used in combination with a 
common 100 UA moving-coil meter, M1. 
Lx is made to resonate with the aid of 
tuning capacitor C33 which is shunted by 
trimmer C32 for calibrating the instru- 
ment. 

The 5 V_ regulated power supply 
around ICs is entirely conventional. Per- 
missible unregulated input voltages from 
a mains adapter lie between 9 V and 12 V. 
Current consumption is about 190 mA, so 
that a 250 mA mains adapter may be used. 


Construction 


Anyone with some experience in elec- 
tronic construction should be able to build 
the inductance meter without undue 
problems. This is mainly by virtue of the 
double-sided printed-circuit board shown 
in Fig. 2, which helps to obviate awkward 
problems with stray inductance, shielding 
and wires. 

The PCB has a large copper surface at 
the component side to ensure proper 
screening and decoupling (remember that 
relatively high signal frequencies are in- 
volved). Component terminals inserted in 
a PCB hole without a white overlay spot 
are soldered direct to the ground surface 
at the component side. 

Start the construction with fitting the 
resistors, inductors and diodes. Next, fit 
the capacitors in the filter sections at the 
centre of the board. Mount the transistors, 
trimmer C22 (two pitches are allowed; be 
careful not to overheat the device), and 
regulator ICs (bolt this direct on to the 
board). 

Do not use sockets for the integrated 
circuits. Study the orientation of the chips, 
insert them, and solder the following pins 
direct to the ground plane at the compo- 
nent side: 

[Ci: pins 3, 7 and 9; 
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Fig. 1. Circuit diagram of the inductance meter for high-frequency coils. 


ICs: pins 13, 11 and 7; 

IC2: pins 12, 2, and 7; 

ICa: pins 1, 10 and 19. 

Then fit the remainder of the components. 
Do not attempt to solder the enclosures of 
the quartz crystals to ground, and be sure 
touse a PCB-1mount rotary switch — panel- 
mount types with wires result in too much 
stray inductance. 

The tuning capacitor is a 500 pF mica 
or PTFE foil type as used in inexpensive 
MW and SW radios. Mount it at the track 
side of the board, and use short wires to 
reach the solder islands (the maximum 
wire length is about 15 mm). If the tuning 
capacitor has a separate ground terminal, 
this must be connected to the grounded 
solder spot also. The photograph of Fig. 5 
shows the completed board. 

The inductance meter is housed in an 
ivory white, steel sheet enclosure Type 
LC850 from Elbomec/Telet. The front and 
rear panels are made of aluminium. Two 
side brackets with rows of holes are pro- 
vided to enable circuit boards mounted in 
the enclosure to be removed without the 
need of having to disassemble the box 
completely. 

The front-panel foil for this project is 
not available ready-made, but its true-size 
lay-out is given in Fig. 3. Copy the draw- 
ing and use it to drill and cut the holes in 
the front panel of the enclosure. Do not 
spoil the appearance of the instrument by 
using the screws provided to secure the 
aluminium front panel. Instead, use 
double-sided tape or glue. 

Use 20 mm long PCB spacers to mount 
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the completed PCB on to a U-shaped 
aluminium support bracket (see Fig. 4). 
Now fit the moving-coil meter into its 
front panel clearance, and determine how 
much space you want to leave between the 
rear of the meter and the components on 
the PCB. Insert the support bracket with 
the PCB on it between the side bars, and 
shift it forward until the holes in the sup- 
port bracket align with the holes in the 
side brackets of the enclosure. Depending 


890119-11 


Hever text 


N1..N6 =IC1=LS04 
N7...N14 = 104 = HCT244 


on the mounting depth of your panel 
meter, the fifth or sixth hole from the front 
of the side brackets should be used. Now 
mount the front panel and pass the spind- 
les of the range switch and the tuning 
capacitor through the relevant holes. 
Determine the length of the spindles re- 
quired to fit the knobs, and remove the 
front panel. Use a vice to cut the spindles 
to the required length. 

Mount the power LED in a holder. In- 
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Fig. 2. Track lay-outs and component mounting plan of the double-sided printed-circuit board for the RF inductance meter. 
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RF INDUCTANCE METER 19] 


stall the ON/OFF switch and the two black, 
insulated wander sockets on to the front 
panel, then wire these components. The 
wires between the wander sockets and the 
PCB terminals marked Lx must be relative- 
ly thick, and as short as possible. Do not 
twist them! 

The final assembly and the connecting 
of wires to the terminal posts on the PCB 
is straightforward. The rear panel is 
drilled to accept a mains adaptor socket as 


7 s  150p sora 
Rs C23. = 220p ceramic 
| C28;027:C20 = 10n ceramic 
026 = 470p ceramic : 
Gees 6B0p ceramic 
090;631;C96;C97;Ca8;Ca0 = 1000 
Cx=60p trimmer — % 
033 = 500p mica-foil tuning cue 
Caras = 10n : 
| O39 = 4u7: 6 V; tantalum 
| Gat = 110; 63 V; radial 
Cae = 4700; 25 V: radial 
Semiconductors: 
~Di-Da=tN4148 
“Ds = 1N4001 
Ti = BC140-10 Se 
Ta = BC160-10 . 
icy Capps Bie. HC or HOT ver Re 


ACS. = TAHCT4017 
s ie 3. Reid 


Fig. 3. The front-panel. If possible, the areas marked ‘A’ should be given a different colour 
from areas marked ‘B’ to avoid confusion in the use of the two scales. 
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TEST AND MEASUREMENT 


used on portable cassette recorders and 
calculators. Be sure to observe correct po- 
larity! 


Practical use 


Any inductance measurement must start 
in the range for the highest inductance 
values (range switch position 5 in the cir- 
cuit diagram), ie., using the lowest test 
frequency. Do not switch up from the low- 
value ranges to the high-value ranges — 
this is likely to cause false readings owing 
to the inductor resonating at a harmonic 
frequency. 

Start in the x100 WH range, and turn 
C33 until the meter deflects, Switch to a 
lower range if the meter does not deflect. 
Operate Css again until a sharp peak is 
observed. 

The first three ranges, x100 WH, x10 WH 
and x1 WH, use seale ‘A’ (4.0-40) of the 
tuning control. The next range, x100 nH, 
uses scale ‘B’ (3.3-38). The lowest range, 
x10 nH, is only suitable for comparative 
inductance measurements, since the inter- 
nal capacitance and inductance of the in- 
strument are significant at 24 MHz. The 
calibration of the lower half of scale ‘B’ is, 
therefore, unlikely to be valid for accurate 
measurements, but still allows com- 
parative tests to be carried out on batches 
of inductors. Similarly, the maximum 
meter indication provides a relative, not 
an absolute, indication of the Q factor in 
all ranges. 


Calibration 


The meter is fairly simple to calibrate. 
Connect an inductor whose value is accur- 
ately known. If you are unable to obtain a 
reference inductor, use a ready-made 
choke with a tolerance of 5% (e.g., Cirkit’s 
FL4 series). A value near the maximum 
indication within a range must be chosen, 
so that the tuning capacitor is set to mini- 


Fig. 5. 


- 
| 
| 

-@ 


Fig. 4. 


mum capacitance. This ensures the largest 
effect of the parallel capacitance formed 
by trimmer C22. Connect a choke of 
220HH or 390 pH (scale ‘A’, range 
x10 WH), and set the tuning capacitor as 
accurately as possible to indication ‘22’ or 
‘40° respectively. Carefully adjust trim- 
mer C32 for maximum meter deflection. 
Connect other, but similarly selected, in- 
ductors, and repeat the adjustment for the 
three highest ranges until an acceptable 
compromise is reached as regards accu- 
racy of the scale. It should be noted that 
the resolution and repeatability so 
achieved depend on the accuracy at which 
the tuning scale has been reproduced. 
Finally, some moving-coil meters have 
such a low internal resistance as to require 
an external series resistance to be fitted to 


Completed PCB before installation in the enclosure. Note that a dual-pointer knob 


ag0ng-12 


Construction details of the aluminium bracket that holds the PCB. 


prevent the needle hitting the right end of 
the scale when a high-Q inductor is being 
tested. The value of the series resistor, if 
required, must be determined experimen- 
tally. 


Reference: 


1. "Self-inductance meter”. Elektor Electro- 
nics September 1988. 


is fitted on the spindle of the tuning capacitor. 
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THE DIGITAL MODEL TRAIN — PART 7 


by T. Wigmore 


The seventh part in the series deals with the circuit 
description of the main unit in the Elektor Electronics 
Digital Train System. The construction and testing will 


be the subject of next month's instalment. 


The main unit consists essentially of a sin- 
gle-board processor system based on a 280 
as shown in Fig. 47. This processor was 
chosen not only for its very low price, but 
also because the special 280 peripheral 
chips (rio ~ parallel input/output — and 
cTc — counter timer control) make it possi- 
ble to use the powerful Z80 interrupt struc- 
ture without the need of additional logic. 
Since the train system requires a number of 
asynchronous processes to be carried out 
more or less simultaneously, this is a very 
worthwhile aspect. 

Apart from the standard Z80 design, 
consisting of the processor proper, memo- 
ries and a ctc for general timing functions, 
the unit also contains various [/O struc- 
tures. 

Reading of the locomotive controls is 
carried out by an analogue-to-digital (a-p) 
converter that has 16 multiplexed ana- 
logue inputs. The results of the A-D conver- 
sions and the position of the function 
switches associated with the locomotive 
controls are read via a Mo port. Set locomo- 


RS232C 


RS232 
inferiace 


locomotive 
address 
bus 


Fig. 47. Block schematic of the main unit, which is essentially a Z80-controlled single-board computer 
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tive addresses are read on to a separate bus 
via a diode matrix. This matrix may be 
considered a primitive 16-byte manual 
access memory (MAM), which has the 


parallel 


Gi keyboard - bus. 
7 
keyboard keyboard 
addresses: contrat 


keyboards 
interface 


control bus 


paraliol/serial 
interlace 


memory 
address 
decoder 


YEH 


databus 


serial output 
{to booster) 


serlal encoder 


{partly trinary) 


LLM Li llaaj fTZZIZZIIZZATZZZZ 
4, 7 


advantage that no knowledge of program- 
ming is required to set the addresses. The 
setting may be carried out with the aid of 
diodes, bu. (dual-in-line) switches or 
thumbwheel switches. 

The keyboards are connected to the Z80 
bus via a 20-way connector and the key- 
board interface. The 20-way connector 
indicates that, in contrast to the Marklin 
system, the keyboards are driven in paral- 
lel. Marklin's serial keyboard drive 
requires a microprocessor for each key- 
board. Since our keyboards do not need a 
microprocessor, the relevant circuits have 
remained fairly simple. The cost of this is, 
of course, a 20-way connector between the 
main unit and the keyboards but, since 
keyboards are normally located next to the 
main unit anyway, that is hardly a disad- 
vantage. 

The main unit also has a serial output 
to the booster. The serial signals (binary 
coded trinary data) are generated by a spe- 
cial function Ic. One timer of the crc is 
used as the clock for the serial-signal gen- 
erator, so that the baud 
rate may be adjusted 
with the aid of software. 
This is necessary, be- 
cause switching instruc- 
tions for signals and 
turnouts (points) need 
to be sent at higher 
speeds than the locomo- 
tive control commands. 

Finally, there is a bi- 
directional serial (semi 
duplex) RS232 interface, 
but this does not make 
it necessary for the train 
system to be controlled 
via a computer: the unit 
is perfectly suitable for 
stand-alone operation. 
However, the RS232 
interface makes the sys- 
tem considerably more 
versatile. 


Circuit diagram 


The 5-V supply at the 
top left in the circuit 
diagram of Fig. 48 is a 


87251 -Vib- 12 


standard design, except 
for Dae. This diode 
ensures that the current 
through the keyboard 


GENERAL INTEREST 


LEDs (taken from V*+ via Ki9) does not 
load smoothing capacitor C23. This is nec- 
essary, because this current may be quite 
substantial (several amperes) if a large 
number of keyboards is used. This is also 
the reason that D3s—D41 are heavy-duty 
types. 

The supply for the RS232 drivers in 
IC10 is provided by IC15 and ICio. These 
components are necessary even if the 
RS232 interface is not used, because two 
gates in IC10, N2 and N5, are used for driv- 
ing the booster. The input voltages for [C15 
and IC16 (+20 V and -20 V respectively) are 
derived from the booster circuit. 

The serial control data are encoded by 
1C27. Inputs D1-D4 are driven via electron- 
ic switches ESi-ES4. These four bits form 
the address section of the control data and 
are defined in three-state logic, that is, they 
are ‘1’, ‘0’ or ‘undecided’. 

The data section, D5-D9, functions with 
binary logic and is, therefore, connected 
direct to the outputs of 1C17. Output latch- 
es IC17 and 1C23 ensure that the serial data 
remain stable during transmission. As 
soon as the address part of a data byte is 
placed into 1C23, the start instruction for 
serial transmission (TE) is given via No. 

The clock for IC27 is derived from the 
second timer in the crc, IC12, to enable the 
speed of the serial transmission via the 
software. The clock is divided by two in 
FF3 to obtain a 50% duty factor, which is 
necessary for the correct operation of 1C27. 

The clock pulses to [C27 are counted by 
the crc. After 200 pulses, a data byte is 
transmitted twice and an interrupt is gen- 
erated, The interrupt routine prepares the 
next data byte to be transmitted and starts 
the next transmission cycle. 

The output signal of 1C27, which 
swings between 0 V and 5 V is amplified 
and made symmetric (+12 V) by Ns. Since 
the signal is inverted by this gate, it is 
inverted again by N2 and then passed to 
the booster via Re1 and K17. 

Output Q6 of IC17 is used to drive relay 
Ret. When the relay is not energized, the 
output of the unit, and that of the booster, 
is high-impedance, so that no voltage is 
applied to the track. 

The oscillator, Ni1-N12, is followed by 
binary scaler ICs, whose output QA deliv- 
ers the 2.45 MHz system clock. This fre- 
quency was chosen, because it enables 
both the baud rate of the RS232 interface 
and the various frequencies for the serial 
transmitter to be derived from it. Output 
QC provides a 614 kHz signal that is used 
as the clock for the A-D converter. 

The circuit around the crv (central pro- 
cessing unit), IC4, the rio, 1C3, and the cTc, 
1Ci2, is entirely standard and will not be 
discussed here. 

The address decoding for the memories 
is carried out by IC2s. This circuit splits the 
addressable memory locations of up to 64 
kbyte into eight pages of 8 kbyte each. 
Page 0 (0000-1FFFH) contains the control 
program for the system, which is available 
as an EPROM, coded ESS572 (see the 
Readers services page towards the back of 
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Fig. 48. Circuit diagram of the main unit of the Elektor Electronics Digital Train System 
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GENERAL INTEREST 


this issue. The EPROM contains unallocated 
space that may be used for any future 
extensions of the program. 

The RAM is contained on page 2 (4000H 
-5FFFH) and this page is also largely 
unused. The system uses 2 kbyte, a further 
2 kbyte is reserved for possible future 
extensions and 4 kbyte is available for 
downloading of user programs that are 
actuated via special RS232 commands. 
Table 5 shows the memory mapping. 

The 1/0 addresses that are available on 
outputs AQ-A7 of the Cpu during read or 
write instructions are decoded by IC7. 
Here again, some space is not used and 32 
\/o addresses are reserved for possible 
future extensions. See also Table 6. 

The locomotive addressing is carried 
out via IC5 and ICs. Up to 16 selections 
may be made: S0-S15. If a selection signal 
is made active, that is, ‘I’, the relevant lines 
LA0-LA7 (LA= locomotive address) that 
are connected to the selection line via a 
diode will also go high. Lines without a 
diode are held low (’0’) by a pull-down 
resistor (contained in array Re). 


The locomotive addresses, which are in 
BCD (binary-coded decimal) format, are 
read via buffer IC1. The reason that IC1 is a 
bidirectional buffer although the locomo- 
tive addresses can only be read by the 
diode matrix is that in future a select-and- 
display board may be used for the locomo- 
tive addressing. 

At the relevant locomotive control, the 
address is set via the RS232 interface and 
written to the display board via IC1. This 
ensures that the display at all times shows 
to what address a given control is set. The 
practical implementation of the diode 
matrix will be described in next month's 
instalment. 

At the same time the locomotive 
address is read, the position of the function 
controls is read into bistables FF1 and FF2, 
one of the 16 analogue inputs of the a-) 
converter is selected and a conversion is 
started. The analogue input, address at 
AO-A3, is taken to the converter via the 
address-latch-enable signal at pin 32. The 
conversion start signal is available at pin 
16. 


When the end-of-conversion 
signal (EOC at pin 13) becomes 
active, the converted signal is 
applied to the pio. Five bits are 
used: four for the speed and one 
for the direction. The remaining 
two inputs of gate A of the rio, 
PA5 and PA6, are used to read the 
position of the function switches. 

Gate B of the rio is used for 
the start/stop line (also the boost- 
er overload signal line), the inter- 
face for the monitors and the 
RS232 interface. The output lines 
are buffered. 

Gates Nia and Nis ensure the 
provision of adequate current to 
the (relatively) capacitive load 
presented by the monitor bus. 

Gates N3 and N4 adapt the 
logic 0-5 V level to the +12 V 
RS232 level. Gate Ni does the 
opposite for incoming RS232 sig- 
nals. 

Control of the RS232 is entire- 
ly via software and will be dealt 
with in detail in a forthcoming 
article in this series. 


Integral test program 


Testing of the board is facilitated 
by the test routines incorporated 
in the system program. The most 
important of these is the service 
loop. This is actuated when the 
power is switched on while the 
GO switch is (kept) depressed. As 
long as $1 is closed, the service 
loop will remain active. During 
sustained testing it is, therefore, 
advisable to short-circuit the 
switch. 

The service routine places VF 
(very low frequency) square wave 
signals on the various output 
ports. These signals may be 
checked with a multimeter. Also, 
a yellow LED (D3s) flashes in a 
1 Hz rhythm and the Leps on the 
keyboards will be driven sequen- 
tially, The service routine is dis- 
abled by opening 51. 

If the booster was connected 
(which is not required during ser- 
vice checks), it may be necessary 
to press stop key 52 briefly to 
actuate the service loop. 

A standard multimeter (ana- 
logue: Ri = 20 kQ/V or digital) 
and an oscilloscope or frequency 
meter are required for testing and 
checking. If an oscilloscope or fre- 
quency meter is not available, not 
all recommended test can be car- 
ried out, which results in a some- 
what greater uncertainty factor. 
However, if the construction has 
been carried out carefully, there is 
not much risk of anything going 
wrong, particularly not since the 
circuit has no calibration points 
whatsoever. 
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LOG/ANTILOG AMPLIFIER TYPE SSM-2100 


The SSM-2100 from Solid State Micro- 
technology, a Precision Monolithics Inc. 
(PMI) company, is a complete monolithic 
subsystem for the realization of logarith- 
mic and exponential transfer characteris- 
tics. It contains two precision opamps, a 
high conformance transistor pair, a preci- 
sion bandgap voltage reference and a sub- 
strate temperature regulator that stabilizes 
the scale factor and greatly attenuates drift 
of the reference. A negative reference 
voltage is also available to facilitate exter- 
nal trimming. 


Inputs 


Like all log amplifiers, the SSM-2100 has 
a limited dynamic range for voltage 
inputs, owing partially to the input offset 
voltage (which can be trimmed). 
Therefore, for widest dynamic range, cur- 
rent inputs are recommended. Since most 
wide-range transducer inputs (such as pho- 
todiodes) closely resemble current inputs, 
this is not usually a problem. Untrimmed, 
the 2100 can handle about 5 decades of 
dynamic range in log mode or about 10 
decades in Jog ratio mode. When trimmed, 
this may be extended to at least 6 decades 
(12 decades in log ratio mode). 

The application circuits in this article 
are, for convenience, shown for voltage 
inputs, although all configurations may be 
used for current inputs, in which case Ry 
can be omitted. To ensure unconditional 
stability, however, it is recommended that 
the input be shunted to ground with a 
10 kQ resistor in series with a 10 nF 
capacitor when a true current input is 
used. 


Negative supply 


The negative supply is internally regulated 
at—7 V, A current-limiting resistor.Ry yp; 
is required in series with pin 7. For most 
applications, a value of 1.6 kQ for -15 V 
supplies is recommended. The voltage at 
pin 7 is thus quite stable and is useful 
when the unit is trimmed 
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SPECIFICATIONS* 


OPERATING TEMPERATURE 


STORAGE TEMPERATURE 


10°C to + 55°C 55°C to 1 125'C 


The follawing specications apply for¥, — + 15VRuun 2 1 BRgL. 
SC =T, + SOC. fee = 1MA, unless otherwise noled 


PARAMETER (SYMBOL) | 
Conformity Erron(¥,.,..) 
{Nate t) 


Scale Factor (Vind 
Scale Factor 


Temperature Drift 
(TC Vee) 


input Offset Voltage [V,) 
(Nate 2} 


“MIN | Typ [ MAX | 


~ CONDITIONS 


‘1, = 100nA to 100,48 


lin = TONA ta 1mA 
(Input Offset Trimmed) 


“| mV:Decade Measured at Pin 16 
ppmiC 


mV 


Input Bias Current (h) 
(Notes 1, 2) 


Output Offset Voltage. 


(Voos 


lw = Igy 1A 
Scale Factor Set at 1V'Decade 


Power Supply Rejection 
Ratio (PSAR) 
{Note 3) 


412Ve5V4 " + 97V 
12V VV - 2 -17¥ 
Scale Factor Set at 1'V/Decade 


Output Voltage Swing 
(Your) 


R, = 10K 
; Ru = 2K 


Reference Output Voltage 


REF * 


No Load 


Reference Output Voltage 
Temperature Coefficient 
(TC Vice] 


Reterence Output Current | 
Reference Load Regulation 


Reference Supply Rejection 


SAF 


Voltage at Pin7 (Vaee - ) 


Positive Supply Current 
(ls +) 


Negative Supply Current 
\,—} 


: 


Heater Start up Current 


Regulated Chip 
Temperature (Tye) 


53 


Nales 


1). Guaranteed by design butns¢ directly neasured, 


2} Appaes fo botn signal ang reference inguls 


“Fina? specihcahons may be sutyecl lo change 


FH Aeleved i output in ing moge, of fo rpul in artiog mone 
41. Saecihcations aoply alter a 50 second warmig period. 


APPLICATION NOTES 


Power supply decoupling 
and earthing 


Because of the high gain of the tempera- 
ture regulator circuit, generous positive 
supply decoupling should be used. The 
0.2 UF decoupling capacitor shown on the 
application circuits should be of a ceramic 
type and mounted as close to pins 1 and 4 
as possible. An additional capacitor of 
about 50 UF or more should also be 
included on the board. It should also be 
noted that pin | carries all the heater cur- 
rent, and care should be taken when laying 
out earth lines to prevent this from causing 
errors, The negative supply is internally 
regulated and needs no decoupling. 


Temperature control 


The internal chip temperature is regulated 
at about 60 °C, but this can be adjusted via 
pin 2. To decrease the temperature by 7 
°C, a resistor of value 3.5/n MQ should be 
connected between pins 2 and 10. To 
increase the temperature by # °C, a resis- 
tor of value 6/n Q should be connected 
between pins 2 and 7. The regulator can be 
shut off completely with a 100 kQ resistor 
from pin 2 to +¥V. This is useful in low 
power applications. With no regulation, 
the reference drift is about 70 ppm/°C, and 
the scale factor drift about —3300 ppm/°C. 
The latter can be compensated by the use 
of a temperature compensating resistor 
instead of R2. 


Inverting log amplifier 
Figure | shows the 2100 used in the 
inverting log mode. With /in = /ref (Vin = 
10 V with values shown), the output will 
be zero, and will increase at | V/decade as 
fin reduces, The 10 V input range opti- 
mizes dynamic range in +15 V systems, 
but can be changed proportionally by 
adjusting Rin. Adjusting RI will alter the 
scale factor, while adjustment of Rref will 
alter the output offset at a given Vin. 
Capacitors C1, C2 and C3 provide 
phase compensation for the system, yicld- 
ing a 30 KHz small signal bandwidth at 
fin =| mA, 8 kHz at /in = | pA, and 
1.6 kHz at fin = 100 nA. This can be 
improved by a factor 3 by increasing C2 to 
10 nF and reducing Ci to 2 nF at the 
expense of some peaking at the upper 
range of input current. 


Non-inverting log amplifier 


Interchanging the signal and reference 
inputs results in a non-inverting log ampli- 
fier as shown in Fig. 2. In this case, the 
output crosses zero with the input five 
decades below full scale, but this can be 
altered by adjusting R3. A slight inaccura- 
cy is caused by Rt and R2 adding to the 
base resistance of the logging transistors, 


890104 - 12 


AI «13 


Fig. 3. Logarithmic ratio amplifier 


but this is minimized by keeping these as 
small as possible. 

The small-signal bandwidth is 5 kHz 
with /in from 1 WA to | mA and is better 
than 2 kHz over the full five decade range. 


Log ratio applications 


The 210 is well suited to log ratio applica- 
tions where the output is proportional to 
the logarithm of the ratio of two input cur- 
rents or voltages. This is because both the 
signal and reference inputs operate at true 
virtual earth eliminating the need of a true 
current found in other configurations. 
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Fig. 4. Modification to Fig. 3 for four 
quadrant operation 
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LOG/ANTILOG AMPLIFIER TYPE SSM-2100 
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Fig. 5. Antilogarithmic (exponential) amplifier 
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Fig. 6. Trimming the 2100 


However, the output amplifier of the 2100 
can swing only about 1.5 V below earth 
and can sink only about 300 WA of cur- 
rent. This causes problems if the reference 


IEE Meetings 

17-18 Oct — Artificial neural networks 
(Savoy Place, London) 

27-29 Oct — Commercial awareness and 
business skills for young engineers 
(London) 


Further information on these events from 
IEE +* Savoy Place * LONDON 
WC2R OBL « Telephone 01-240 1871 


31 Oct — 3 Nov — Aerotech 89 (NEC 
Birmingham) 


Details from the Conference Department ¢ 
Institution of Mechanical Engineers « 1 
Birdcage Walk * LONDON SW1H 9JJ + 
Telephone 01-222 7899 


INPOWER, the Independent Power 
Generation Exhibition, will be held at the 
Excelsior Hotel, Heathrow, London. Dates 
and other details from FMJ International 
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current is more than | decade below the 
signal current. 

If the latter criterion is not exceeded, 
the circuit of Fig. 3 is recommended. Re- 


Publications Ltd « Queensway House « 2 
Queensway * REDHILL RH1 1QS + 
Telephone (0737) 768611. 


The TEST + TRANSDUCER show will 
be held at the Wembley Exhibition Centre, 
London, from 24 to 26 October. Details 
from Trident International Exhibitions Ltd 
21 Plymouth Road * TAVISTOCK 

PL1I9 8AU « Telephone (0822) 614818. 


The DESIGN ENGINEERING SHOW 
AND CONFERENCE will be held at the 
NEC, Birmingham, from 10 to 13 October. 
Details from Cahners Exhibitions Ltd » 
Chatsworth House * 59 London Road 
TWICKENHAM TW1 3SZ * Telephone 
01-891 5051 


sistor R3 provides the extra sink current to 
provide a —1 V output with an additional 
10 kQ load. 

If full four-quadrant capability is re- 
quired, the output buffer shown in Fig. 4 
may be added. This will provide a +5 V 
output for reference/signal ratios from 10° 
to 10-5 (a 10 decade dynamic range). 


Antilog (exponential) 
amplifier 

Figure 5 shows the connexions required to 
generate the exponential function. The 
input range as shown is zero to 10 V but 
this can be changed by adjusting Ri. The 
output scale factor is —1 decade/volt but 
may be changed by adjusting Rout. The 
bandwidth of the circuit is about 500 kHz. 


Trimming the 2100 


Figure 6 shows general trimming tech- 
niques for input offset, output offset and 
scale factor. The input offset adjustment 
may be duplicated for the reference input 
in the case of log ratio applications, 

The input offset trim removes errors 
caused by amplifier offset and input bias 
current. The use of the positive and nega- 
tive reference voltages gives a high rejec- 
tion to supply voltage changes. 

Unlike an opamp, a logarithmic ampli- 
fier can not be trimmed with Vin = 0, be- 
cause the log of zero theoretically gives 
an infinite output voltage. A suggested 
technique is to trim output offset and 
scale factor first, and then apply a small 
signal to the input and adjust the input 
offset trim for correct reading at the out- 
put. 


BLW, British Laboratory Week, will take 
place at Olympia, London, from 10 to 12 
October. Details from Curtis Steadman & 
Partners Ltd * The Hub « Emson Close * 
SAFFRON WALDEN CB10 IHL « Tele- 
phone (0799) 26699. 


The WORLD MOBILE COMMUNI- 
CATIONS IN THE 908 conterence will 
be held in London on 11 and 12 October at 
the Hotel Inter Continental. Details from 
the Financial Times Conference Organiza- 
tion * 126 Jermyn Street * LONDON 
SW1Y 4UJ « Tel. 01-925 2323. 


The ELECTRONICS DISPLAYS exhi- 
bition will take place at the Wembley 
Exhibition Centre, London, from 17 to 19 
October. Details from Blenheim Online « 
Blenheim House « Ashill Drive * PINNER 
HAS 2AE « Telephone 01-868 4466. 


LOGIC ANALYSER WITH ATARI ST 


H.J. Schulz 


Because of its competitive price, excellent display and the 
availability of a wide range of software packages, the Atari ST series 
of home micros has enjoyed a long-standing popularity with a large 
group of computer users, and has held its own in spite of the influx 
of IBM PCs and compatibles. The present logic analyser illustrates 
the capabilities of the Atari ST series for applications other than the 
most familiar ones, desk-top publishing (DTP) and computer music. 


The logic analyser, 
together with the function 
generator, multimeter and 
the oscilloscope, is an es- 
sential piece of test gear in 
an electronics workshop or 
laboratory. Although a 
logic analyser is really in- 
dispensable for testing and 
repairing a wide variety of 
digital circuits, it is often 
sadly lacking from the 
home experimenter’s test 
equipment shelf because of 
its high cost. 

The hardware and soft- 
ware described in this ar- 
ticle, however, form an 
affordable test instrument 
that can provide many of 
the functions offered by a 
costly logic analyser. 

A computer offers a 
simpler way to realize a logic analyser 
than a digital oscilloscope, mainly be- 
cause the digital (TTL or CMOS) ) signal 
levels can be read and processed direct, 
obviating analogue-to-digital conversion 
circuits. In most computer-based logic 
analysers, a number of signals (usually 16, 
32 or 64) are simultaneously sampled and 
displayed on a monitor. Professional logic 
analysers have asampling rate of 1 or 2.ns. 
Lower rates are, however, perfectly ade- 
quate for less demanding applications. 


pitioatind 


Circuit description 


The hardware part of the logic analyser is 
remarkably simple by virtue of the soft- 
ware package available for controlling it. 
In fact, the main task of the interface cir- 
cuit shown in Fig. 1 has been reduced to 
one of signal capturing and timing, so that 
the sampled levels can be safely applied 
to the computer, which assumes all other 
control functions. 

The printed-circuit board for the logic 
analyser has two connectors: Ki, which 
connects the interface to the DMA (direct 
memory access) port of the computer, and 
Kz, which takes the 8 digital signals to be 
monitored to the relevant inputs of the 
interface. Two further inputs, CLK and 
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TRIG accept an external clock signal and an 
external trigger signal respectively. 

The DMA bus gives direct access to the 
computer's 
transfer speeds 


memory, allowing high data 
to be achieved between 
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| Hardware: 
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e oftware: 


+ Data read atter triggering 

| ® Gelectable trigger polarity 

6 scroll speeds for data window 

Zoom function 

«Pulse timing with cursor counter ee 
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the computer and external 
hardware. In most cases, the 
DMA bus is used for external 
floppy disk drives, network 
interfaces, or hard disks. Fig- 
ure 2 shows the signal as- 
signment, signal direction 
and pinning of the ST’s DMA 
port. All inputs and outputs 
are TTL-compatible, 

Data exchange via the 
DMA bus is effected on the 
basis of certain protocols. 
The data bits are sent on da- 
talines DO through D7, which 
are bidirectional. The logic 
analyser has an 8-bit register, 
ICs, that allows a number of 
analyser functions to be con- 
trolled by the computer, via 
the DMA bus. 

The 4 MHz clock signal 
generated by quartz-control- 
led oscillator Ni-N2 is applied to divider 
ICs. Depending on the logic combination 
applied to the channel selection inputs A- 
B-C of multiplexer [Cs, output x supplies 
either 4 MHz, 2 MHz, 1 MHz, 500 kHz, 
250 kHz, 125 kHz, 62.5 kHz, 31.25 kHz or 
the frequency of the signal applied to the 
external clock input. The maximum fre- 
quency of the external clock signal is 
about 2 MHz. 

The signal at the multiplexer output is 
applied to the B input of monostable 
multivibrator (MMY) ICs. As soon as the 
IRQ (interrupt request) line goes low, each 
clock pulse from the multiplexer is con- 
verted to a DRQ (DMA request) pulse for 
the computer. If this is ready to handle 
data received via the DMA bus, it re- 
sponds to the request by actuating the 
DACK (DMA acknowledge) line. Provided 
DACK is low, and the DMA bus is set to the 
read mode, the output of gate N7 goes low, 
so that bus buffer [C7 is enabled via its G 
input. Asa result, data levels available at 
connector K2 are passed to connector Ki, 
and from there to the computer. Each new 
clock pulse causes the above sequence to 
be repeated, allowing the computer to 
read a new 8-bit dataword. The selected 
clock frequency, therefore, determines the 
sampling frequency. 
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Fig. 1. 


Triggering 

Correct triggering of a logic analyser is 
just as important as it is for an oscillos- 
cope. The present logic analyser is trig- 
gered by an externally applied pulse. The 
software allows the trigger polarity (posi- 
tive or negative pulse edge) to be selected. 
In the interface, polarity selection is 
achieved by output Q6 of ICs controlling 
one input of XOR gate Nu, so that bistable 
FFi toggles on positive or negative edges 
of the trigger pulses. The bistable is set by 
the positive edge of a trigger pulse, and is 
reset via output Q7 of ICs. 

The external trigger input of the inter- 
face is driven by the output signal of a 
word comparator or any other digital trig- 
ger generator. A word comparator sup- 
plies a trigger pulse when the logic input 
pattern matches a preset pattern, and so 
allows the user to determine which bit 
combination causes the logic analyser to 
start reading samples. Subsequently, a 
buffer is loaded with sampled values. If 
the buffer is full, the computer halts the 
analyser, and displays the 8 datalines on 
the monitor. 


ELEKTOR ELECTRONICS OCTOBER 1989 


Circuit diagram of the computer interface, the hardware part of the logic analyser. 


Software 


The control program developed for the 
logic analyser is available on floppy disk. 

The screen dump of Fig. 3 gives an 
overview of the available commands and 
features, which are mostly self-explana- 
tory. The upper part of the screen is 
reserved for the sampled bit patterns, the 
lower part for the user interface. Non- 
used channels have their inputs taken 
high by a pull-up resistor on the interface 
board, so that a steady logic high line is 
obtained, 

An entire data window may be stored 
on to disk with the aid of the SAVE option 
in the menu. Similarly, LOAD retrieves pre- 
viously stored windows, which are dis- 
played again for further study. 

Options pos and NEG in the TRIGGER 
block have been discussed already. The 
TIMEBASE/STEP function allows 1 of 8 
sample frequencies to be selected. The 
sample frequency determines the speed at 
which datawords are accepted by the 
computer, and must be set as required by 
the signals to be monitored. 

The MAGNIFIER function is based on 


software only. The selected magnifier 
determines the width of the pulses in the 
data window. 

Function SAMPLF enables the trigger 
input. After actuating it, the first trigger 
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Fig. 2. Signal assignment and pinning of 
the DMA port connector. 
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Screendump illustrating the use of the data window and the available commands. 


The dotted vertical line in the data window is the cursor. 


pulse transition with the selected polarity 
causes the interface to start reading sam- 
ples. 

The six fields in the right-hand bottom 
corner of the screen move the cursor in the 
data window. The cursor position is also 
indicated numerically in the COUNTER 
blocks, allowing the time between two 
events to be measured fairly easily. 


Construction 


The printed-circuit board for the logic 


Fig. 4. 


analyser is shown in Fig. 4. Construction 
is straightforward, and should not present 
problems since only standard compo- 
nents are used. 

Start the construction with the fitting 
of the wire links on the board. Next, 
mount all resistors, capacitors and inte- 
grated circuits. [IC sockets are not strictly 
required if you trust your soldering skills. 

Regulator [Cio does not need a heat- 
sink because the current consumption of 
the interface is relatively low. 

Check all components positions and 


Track lay-out and component mounting plan of the PCB for the logic analyser. 


solder joints before connecting the com- 
pleted interface to the computer. 

Construct a 20-way flat ribbon cable 
for connecting Ki to the D-19 socket (Ks) 
on the Atari computer. The pinning of this 
socket is shown inset in the circuit diag- 
ram. 

Power the interface from a mains adap- 
tor with 9 V d.c. output. 

Test the completed interface by run- 
ning the associated software. If any faults 
are found, these must be eliminated be- 
fore the interface is built into a compact 
enclosure. 


The software for this project is available 
on a 34-inch floppy disk under order 
number ESS 111. Details on cost and orde- 
ring are given on the Readers Services 
page elsewhere in this issue. 
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PRACTICAL FILTER DESIGN — PART 9 


by H. Baggott 


Following last month's discussion of Chebishev filters with a 
ripple of 0.1 dB in the pass band, this month's article 
deals with Chebishev networks with a 0.5 dB ripple. These 
have an even steeper cut-off profile than the 0.1 dB types but, 
as explained last month, the ringing becomes more pronounced. 


As in previous articles, five tables are 
given that contain all the information for 
the calculation of Chebishev filters with a 
0.5 dB ripple in the pass band. As was the 
case with Table 11, Table 15 can not be 
used for the computation of an even-order 
section with equal input and output 
impedances. For 7 sections, the table is 
valid for a ratio of 2:1, whereas for T sec- 
tions the ratio is 1:2. It all depends on 
which resistance is used as a reference. 


The specific properties of the 0.5 dB 
Chebishev filter are again shown most 
clearly by the characteristics in Fig. 47, 48 
and 49. The ripple is very evident in 
Fig. 47, although it should be borne in 
mind that the left-hand part of the scale 
has been ‘stretched’. Things are therefore 
not as bad as they may seem: it is only 
when the ripple exceeds | dB that opera- 
tion becomes troublesome. 

The cut-off profile is steep: the attenua- 


tion of a fourth-order filter at 2f, is about 
33 dB. 

It is interesting to note that the number 
of ‘rings’ is the same as the order of the 
filter. 

The delay time characteristic in Fig. 48 
shows why the Chebishevy filter is not suit- 
able for use in phase linear (audio) appli- 
cations. 

The step response in Fig. 49 shows the 
ringing, which is comparable to that in 
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Table 15. Standardized component values for passive low-pass filters with an input impedance to output impedance ratio 
of 2:1 for even-order sections and 1:1 for odd-order sections. 
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Table 14. Pole locations of 
Chebishev filters with a 0.5 dB 


ripple. 
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Table 16, Standardized component values for passive low-pass sections with negligible source impedance. 
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Table. 17. Standardized component values for active filters with single 
feedback path. 


Fig. 44. 


A worked example 


This time we give only one example, but it has two possible 
solutions. 


Design an active band-pass filter with a a —3 dB bandwidth 
extending from 11.5 kHz to 12.5 kHz. The attenuation at 8 kHz 
and 18 kHz must be not smaller than 40 dB. 


The aim is to keep the circuit as simple as possible. Since no 
mention was made of the permitted ripple in the pass band, we 
choose a 0.5 dB Chebishev section, because this has the best 
cut-off profile. 

First, we calculate the centre frequency, f.: 


fe =NO\ fy) = 11,990 Hz. 


Next, we must ascertain the complementary frequencies for 
the -40 dB points to obtain the steepest cut-off combination. 

The lower frequency (8 kHz) is complemented by a frequen- 
cy of: 


fa = 119902 / 8000 = 17,970 Hz. 


The higher frequency (18 kHz) is complemented by a fre- 
quency of: 


f, = 119902 / 18000 = 7987 Hz. 


The optimum combination is, therefore, 8000 Hz and 
17970 Hz, although the differences are so small that we could 
use either combination. The -40 dB bandwidth is, therefore, 
17970 — 8000 = 9970 Hz. 

From the characteristics we must determine how this band- 
width may be achieved with the smallest number of sections. 
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Fig. 47. Gain vs frequency characteristics of Chebishev filters with a 0.5 dB 
ripple. 
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Fig. 48. Delay time vs frequency characteristics of Chebishev filters with a 
0.5 dB ripple. 
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Fig. 49. Step response of Chebishev filters with a 0.5 dB ripple. 
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Fig. 50, A second-order active band-pass filter with only one opamp Fig. 51. The same filter as in Fig. 50, but configured as a two-stage double 
per stage. At higher Qs, as in the worked example, problems soon opamp circuit. 


occur. 


For this, we take the ratio of the band- 
width at 40 dB and that at —3 dB: 


9970 : 1000 = 9.97. 


Using this value in Fig. 47, the attenu- 
ation of a second-order filter is seen to be 
about 42 dB, amply meeting the require- 
ment. 

In the first instance, an opamp with 
multiple feedback paths as in Fig. 30 (Part 
5) is chosen. Two of these must be cas- 
caded as in Fig. 50 to obtain a second- 
order filter. 

Before the component values can be 
calculated, the poles must be ascertained 
from Table 14: 


—o = 0.502; 

+B = 0.7278. 

The Q factor of the filter must be: 

Q = 11990 / 1000 = 11.99, 

The calculations to arrive at the centre 


frequency, Q value, amplification, and so 
on, can then be carried out, resulting in: 


C=0.7817 
Q, =23.89 
D = 1.022 


feq =11,731 Hz 


fap =12.254 Hz 
Ay, = 1.444 
Ag, = 1.444 


The component values are then calcu- 
lated with the aid of the formulas given in 
Part 5. The value of the capacitor is taken 
as 4.7 nF. 


First stage: 


R, = 47.76 kQ 

R3 = 60.48 Q 

R3 = 137.9 kQ 
Second stage: 

R, = 45.72 kQ 

R3 = 57.89 Q 

R3 = 132kQ 


In practice, this circuit will function, 
but the Q of each stage is fairly high. 
Moreover, the voltage attenuation at the 
inputs is high enough to cause hum and 
noise problems unless the highest quality 
opamps are used. 


To obviate these difficulties, a two- 
stage section based on Fig. 31 (Part 5) as 
shown in Fig. 5] may be used. This circuit 
is able to cope with the high Qs. 

The calculations to arrive at the centre 
frequency, Q value, amplification, and so 
on, remain as for Fig. 50, but the compo- 
nent values will have to be recalculated. 


First stage: 
R, =95.51 kQ 
Ry = 248.1 kQ 
Rj = Rg = 2.887 kQ 


Second stage: 
R, =91.44 kQ 
Ry = 237.5 kQ 
Ry = Ry = 2.763 kQ 


There is no noticeable attenuation at 
the inputs of this network. It is, however, 
necessary that the components used are 
close tolerance types (1%), otherwise the 
characteristics of the practical filter will 
not be identical to those of the calculated 
network, 


Correction to Part 8 


The two circuits shown below were omit- 
ted from the top of Table 13 in Part 8. 
Sorry! 


New digital filter from 
Sage Audio Electronics 


‘Digitrap’ is a new digital filter from Sage 
Audio that is inserted between the audio 
output of a cD player and the input of the 
associated amplifier. It passes the audio 
signal unattenuated while trapping the dig- 
ital quantization noise. The consequent 
lowering of the digital noise floor results 
in up to 30 dB increase in signal resolution 
allowing the low-level signal detail te be 
heard. 

It is particularly suited to cp players 
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that use oversampling as these have a 
greater bandwidth of quantization noise 
and also less internal filtering. Two types 
are available: ‘Digitrap 1° at £39.95 for cb 
players with up to 4 times oversampling 
and ‘Digitrap 2° at £59.95 for those with 
up to 32 times oversampling. Both units 
are fitted with gold-plated phono input- 
output sockets and come with low-noise, 
low-capacitance connecting cables. 


Sage Audio Electronics * Construction 
House + Whitley Street » BINGLEY 
BD16 4JH + Telephone (0274) 568647. 


COMPUTER-CONTROLLED TELETEXT 


SYSTEM 


A, Clapp 


The experimental system described allows the loading into a 
personal computer of Teletext pages, including the ones that are not 
normally accessible on a domestic TV set equipped with a Teletext 


Teletext has been incorporated with tele- 
vision throughout Europe since the mid 
seventies, with the first published specifi- 
cation jointly issued in September 1976 by 
the BBC, IBA and BREMA. This initial spe- 
cification permitted the production of do- 
mestic TV sets with Teletext. The 
specification has continued to develop 
over the years, and additional facilities 
have become available, 

Teletext ‘Level-2' provided multi-lan- 
guage text, and a wider range of display 
attributes that may be non-spacing. There 
is a wider range of colours and an ex- 
tended mosaic pictorial set. 

‘Level-3’ introduced dynamically re- 
defined character sets (DRCS) permitting 
the display of non-Roman characters, for 
example Arabic or Chinese. Pictorial 
graphic characters may also be defined, 
allowing the composition of improved il- 
lustrations for the text compared with ear- 
lier levels. 

‘Level-4’ includes full geometric 
graphics, and requires computing power 
to generate the display from a sequence of 
drawing instructions. This permits 
graphic displays as good as the highest 
resolution mode of the BBC-B computer. 
This level offers a colour palette of over 
250,000 shades. 

‘Level-5’ is full-definition still pictures, 
permitting an image of a better quality 
than achievable from a video camera. It 
has no losses due to modulating on to a 
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Fig. 1. 


carrier, and no noise added to the picture 
during transmission. 

Also possible within the system at any 
level is Telesoftware, which is normally 
seen as a BASIC listing for BBC compu- 
ters. It can however be machine code for 
any computer, and encrypted to limit ac- 
cess, 

Levels 4 and 5 exist as specifications, 
although level 4 was transmitted by the 
IBA as long ago as 1981. There appear to 
be no TV sets able to handle these levels, 
and until the editors of CEEFAX and ORACLE 
use it, the extra cost would not be worth 
while. Given the TV producers’ liking for 
computer graphics on everything from 
weather maps to pop videos, hopefully 
they will come very soon. 


Hidden pages 


The specification for Teletext is wider 
than apparent from the familiar remote 
control handset. Page numbers, for 
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Block diagram of the experimental system. 


example, are chosen from a key pad with 
digits 0 to9. A displayed page has 24 lines. 
Less known is the fact that the system can 
accept key numbers in hexadecimal. This 
means that page numbers such as 10F 
could be transmitted and never seen by a 
home TV set. This permits pages to be 
transmitted to specially equipped recei- 
vers only. The system can transmit 
32 rows, 8 of which will not be displayed. 
Three of these are in fact defined: two are 
used to simplify and speed up related 
page selection, and the third carries sys- 
tem information including date, time, 
channel and, when permitted, a program 
definition field to enable video recorders 
to be switched automatically to recording 
by TV programme rather than time. 

The key point is that the specifications 
and capabilities of Teletext are improving 
constantly, and an embedded design can 
not be altered to make use of these devel- 
opments. In the case of hidden pages and 
rows, it may be that the originators do not 
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Fig. 2. 


want to make the information generally 
available. 

The Teletext decoder described here 
can access all definable pages and rows, 
and make them available to a personal 
computer (PC) for analysis. The design is 
split into three units, two of which will be 
described in detail in this article. These 
two units are a Teletext decoder and a 
data and control interface connected to a 
PC’s RS232 port. The third unit in the pro- 
posed system is a TV tuner. The block 
diagram of the system is shown in Fig. 1. 


The decoder 


Philips Components (formerly Mullard in 
the UK) have long produced a family of 
ICs for Teletext, and most TV sets use 
them. The present decoder is based on two 
ICs from this family. 
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The first is the SAA5231 Video Inter- 
face Processor (VIP2), an analogue IC that 
requires quite a few passive components 
to be attached to make it work (see Fig. 1). 
The video processor takes a composite 
video signal from the TV set, and ident- 
ifies those lines carrying Teletext informa- 
tion. These are subsequently transferred 
to the digital Teletext decoder IC 
SAA5243. The data clock is recovered 
from the Teletext data stream by the VIP2, 
and passed to the decoder IC. The 6 MHz 
clock that runs the system is also gener- 
ated by the VIP2. The 13.875 MHz is 
divided by two and phase-locked to the 
Teletext data to become the data clock. 
Most of the resistors and capacitors 
around the VIP2 chip are required to ex- 
tract and phase-control the Teletext data 
and clock. 

The second IC, the SAA5243 ECCTC 
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Circuit diagram of the Teletext decoder card. The monochrome video output is optional, and intended for debugging purposes. 


(Enhanced Computer-Controlled Teletext 
Chip), is the really clever one. It takes the 
stream of serial Teletext data, and ana- 
lyses it. When a new page header arrives, 
the information is compared with that of 
the internal registers. If the new header 
identifies a requested page, it is stored to 
an area in the attached RAM. The decoder 
is capable of doing this for 4 unrelated 
pages, and holding the latest update of 4 
Teletext pages at any one time. 

The ECCTC also controls the display 
function of Teletext. Under the control of 
internal registers, one page in RAM is con- 
verted toa displayed page. The video sig- 
nal is available as RGB TTL levels with 
separate sync and blanking. A mono- 
chrome signal is also available. 

The third function of the ECCTC is the 
one that makes it the choice for this pro- 
ject: the SAA5243 is designed to work on 
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a computer network, in this case the Phil- 
ips ’C bus. This is basically a two-wire 
networking system specifically designed 
for consumer electronics. Each IC bus 
compatible [C has a unique address built 
in, and a set of communication protocols 
to use, The IC monitors the network, and 
recognises when it is being talked to. In 
response to certain commands it interacts 
with the sending device on the bus. 

In the present circuit there are only two 
devices on the °C bus: the decoder and the 
microprocessor. A connector is provided 
on the decoder board to make the connec- 
tion to other [’C devices possible if ex- 
perimentation is desired. 

The operation of the ECCTC chip and 
the ’C bus is relatively complex. By con- 
trast, the hardware required to implement 
the decoder chip in an I’C environment is 
remarkably simple. The I’C bus has strict 
protocols, and the timings must be ad- 
hered to. The ECCTC has several registers 
that have to be loaded correctly before 
anything will happen. At power-up there 
is little evidence of life from the device, 
and the display will not even have sync, 
let alone a default page of Teletext. 

It is common for complex devices to be 
controlled via a piece of software called a 
device driver. With such a driver, the user 
has available a set of high-level com- 
mands that allow all the functions to be 
performed without the need of detailed 
knowledge of that particular function. A 
full discussion of the operation of the 
ECCTC and the IC bus is so detailed as 
to exceed the scope of this article. Soft- 
ware is available to drive the decoder 
card, and extract from the transmission 
any byte, row or page of Teletext. Readers 
wishing to know how this is done in detail 
are referred to the Application Notes men- 
tioned at the end of this article. 

The third essential IC is a 4-to-2 line 
converter that connects the Teletext 
decoder the IC network. The 4 lines go to 
the external processor that transmits data 
and clock up and down one pair, and re- 
ceives data and clock back from the 
decoder. 

A composite video output is available 
on the decoder board to display mono- 
chrome Teletext direct from the decoder. 
The video output is useful for debugging 
the system because switching between 
grabbed pages is instantaneous while 
transfer via the bus takes about 8 seconds. 
The few additional low-cost components 
needed to implement the video output 
seem worthwhile even if the facility is 
rarely used. They can be omitted, how- 
ever, from the circuit without affecting the 
rest of the operation. 

The composite video is taken from a 
Rediffusion tuner unit that can be used to 
drive the decoder card direct. The video 
output from a VCR should also prove all 
right. The decoder has a link that alters the 
input level required to drive the card. In 
the event of the source not supplying 
enough signal, a buffer may be required 
to connect the video source to the decoder 
card. Use of a tuner unit based on a SAW 


(surface acoustic wave) filter is well worth 
considering. Teletext is particularly sensi- 
tive to phase distortions, and SAW filters 
are a considerable improvement over L-C 
IF circuits. 

The ECCTC chip has 8 channels, of 
which 4 are capable of grabbing a page of 
Teletext as it is received. The operator se- 
lects the channel to be current from 0 to 3. 
The required page for the current channel 
is selected, and that channel will continu- 
ously grab the updates for that page, even 
when the current channel is changed. The 
only exception occurs during page trans- 
fers to the host computer. The status line, 
row 25, must be examined to determine 
when the required page has been re- 
ceived. When a new page is requested, the 
old one is cleared, including the status 
line. This is then examined repeatedly 
until the new page received is signalled. 
The new page is then transferred in ASCII 
to the host computer, which has to do the 
graphics code conversion. 

The use of the other 4 ECCTC channels 
is detailed below. 


Downloading Teletext 
pages on a PC 


The function of the controller card is to 
respond to instructions received on the 
RS232 link to a PC, and to return Teletext 
information to a host computer. All the 
timing and protocol requirements needed 
to transfer information on the I°C bus are 
handled by an 8051-based controller card 
(Fig. 3). 

Commands from the host computer are 
in the form of a single letter defining the 
requirement, followed by a qualifying 


Commands for the IBM PC control 


Table 1. 
program. 


number. Available commands are listed 
in Table 1. Page selection, for example, is 
made by the host PC sending the letter P 
followed by a 3-figure page number. The 
controller card then transmits the com- 
mand to the Teletext decoder card. The 
controller repeatedly examines the status 
line in the decoder until the requested 
page is received. The page is subsequently 
transferred from decoder memory, via the 
RS232 interface, to the PC, which allows 
the page to be stored on disk, or to be 
printed. 

The commands allow the full capa- 
bilities of the decoder to be available to the 
host PC, while keeping traffic on the 
RS232 interface to a minimum. To allow a 
wide variety of computers to be used, the 
bit rate has been set fairly low at 1200/s. 
This means that a page of Teletext takes 
about eight seconds to transfer. Pages are 
repeated roughly every 20 seconds on 
Teletext, so a selected page takes about 30 
seconds to receive from request. 

Channel selection allows 1 of the 8 
channels to be selected as currently at- 
tached to the interface. The current chan- 
nel is also the one used to form the on-card 


units 


PT tens 

MAG magazine 

MU minute units 

MT minute tens 

HU hours units 

HT hours tens 

C4-C14 transmitted control bits 
Ss page is being looked for 
/FND page has been found 


Table 2. 


transmission error in byte 


Row 25: status line format codes. 
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Fig. 3. 


monochrome display, if used. As already 
discussed, ECCTC channels 0 through 3 
are Teletext pages of the form seen on the 
TV screen. Channels 4 through 7 are ex- 
tensions of the first 4 pages. Commands 
such as D (display) and tl (hard copy; 
print) use the currently selected channel 
as the source of data. Page selection can 
only be achieved for channels 0 through 3. 
The controller transfers pages as 
blocks of 24 rows of 40 characters. The 
embedded commands of Teletext are 
removed, and the 7-bit code is extended to 
8 bits to allow for direct representation of 
graphics. 
ELEKTOR ELECTRONICS OCTOBER 1989 
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The choice of graphic characters to use 
may pose a problem in that there is no 
standard for Teletext graphics. The author 
used an Okidata-80 as well as an Epson 
MX-80F/T printer. Both of these have a 
character set that includes all Teletext 
shapes. Unfortunately, the codes are dif- 
ferent for each printer. The IBM clone 
used was fitted with a Hercules type 
monochrome display adapter. This has 
very few graphic characters, so only an 
approximation of Teletext shapes is 
possible. To allow the use of two printers, 
the control card has the option of two 
translations of the Teletext page. Each will 
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Circuit diagram of the PC interface card that holds the 8051 controller, EPROM with firmware, and the RS232 level convertor chip. 


result in a print-out that is an accurate 
black-and-white copy on the appropriate 
printer. The display has only 6 graphic 
characters that are similar enough to use. 
Since there are 64 Teletext graphics char- 
acters, the host computer translates the 
graphics character into 1 of the 6 which is 
most appropriate. The resultant displayed 
page is in fact better than one would ex- 
pect. Since the quality of this display is a 
function of the host computer configura- 
tion, users should be able to write their 
own graphics translation routines to 
maximize the fidelity of the repre- 
sentation. The commands that transfer 


38 


RADIO AND TELEVISION 


text do so with all colour information 
removed. If the computer is capable of 
colour, the hex transfer command must be 
used to ensure that the decoder supplies 
unaltered data for translation into a for- 
mat suitable for the display used. An ac- 
curate monochrome display is always 
available from the decoder card. Pages 
saved to disk are in the printer format, and 
can be printed out at any time for an exact 
copy. 

Users who have other printers will 
need to make modifications to permit a 
true copy. Provided the printer is capable 
of producing the Teletext graphics set, one 
of the approaches will work. If the 
graphics of the printer are ROM-based, 
the character codes supplied by the RS232 
interface card must be translated into ap- 
propriate printer codes. This will be a one- 
to-one translation carried out with the aid 
of a look-up table which a number of PC 
communications programs, such as Pro- 
comm, have available. If the printer is a 
type with a RAM-based character set, 
such as the Epson FX-80 or compatible, 
the best approach is to reprogram it to 
emulate an Epson MX-80F/T. 

Since the purpose of the present 
decoder is to permit examination of the 
data without pre-conceptions, and allow 
non-ASCII data to be read, two other 
transfer modes are available. 

The first of these allows transfers of a 
specified row in ASCII with graphics 
modified as with the full-page mode. The 
other transfers a specified row in hexade- 
cimal format as it appears in memory, 
allowing the host PC to process a page of 
unmodified data. 

These two options can be demon- 
strated quickly by examining channel 4: 
three lines will contain data; one has plain 
ASCII text, one Hamming-modified num- 
bers relating to the ASCII text, and the 
third contains plain hexadecimal data 
containing status infirmation on the trans- 
mission, including time, date and chan- 
nel, 


PC interface card 


The RS232 interface and controller card 
shown in Fig. 3 is based on the 8051 micro- 
controller from Intel. The 128 bytes of in- 
ternal RAM are sufficient to hold all 
information for control and temporarily 
program data. An external EPROM ad- 
dressed by a latch Type 74LS373 holds the 
machine code that forms the control pro- 
gram. The UART (universal asynchron- 
ous receiver/transmitter) in the 8051 
coupled to Newport Components’ single 
5 V RS232 interface chip Type NM232CD 
result ina simple, yet reliable, RS232 link. 
The NM232CD has an on-board +15 V 
converter. 


Practical use of the system 


Having built the decoder and the inter- 
face, you are in a position to get more out 
of Teletext than from a standard televi- 
sion-based system. The ability to save 
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Fig. 4. Some more sample print-outs of 
Teletext pages downloaded with the pro- 
posed system. 


pages to disk and edit them creates the 
ability to build up a database. All weather 
charts, for instance, over a certain period 
could be collected if meteorology is a 
hobby. 

The BBC transmits computer programs 
via Teletext, and these are available with 
the present system. Once pages can be 
transferred to disk, it becomes possible to 
save an entire magazine. One on disk, ac- 
cess to pages is much faster than waiting 
for the page to come up in the trans- 


mission. This is particularly true if a sub- 
page is requested. A sub-page can be spe- 
cified by selecting the required page, and 
setting the time-page option to the sub- 
page number, i.e., timed page 0003 for 
sub-page 3 to display this only. 

For a first challenge of beating the 
hiders of information, users may like to 
consider the Televox page, currently on 
page 777 of ITV on HTV and presumably 
elsewhere. This is an interactive page 
where a subscriber can control the display 
of information via voice control on the 
telephone. On first entry to the service, the 
user is given a timed page number to set 
his Teletext to, Then information is sent as 
a timed page transmission, immediately 
followed by a blank screen on a non-timed 
page. The effect is that if the timed page is 
not set, the pages appear for only a frac- 
tion of a second and can not, therefore, be 
read. The odds of guessing the correct 
page are small, and as subscribers log on 
and off it changes. 


For further reading: 

1. Broadcast Teletext Specification, Septem- 
ber 1986. BBC, IBA, BREMA. 

2. Level-4 Enhanced UK Teletext, RH. Vi- 
vian, IBA UK. 

3. Enhanced Computer-Controled Teletext 
Circuit SAA5243. Philips Components 
Technical Publication 255. 

4. World System Teletext Specification. 


The software developed by the author 
may be ordered through the Readers’ Ser- 
vices under order number ESS113. A 514- 
inch 360 KByte MS-DOS formatted floppy 
disk is supplied, containing: 

* the control program for IBM PCs and 
compatibles equipped with an R5232 
port; 

* the contents of EPROM ICs on the RS232 
interface card. The code is provided in 
the form of a file in Intel-hex format. 


Details on ordering the package are given 
on the Readers’ Services page elsewhere 
in this issue. We regret that no PCB art- 
work has been designed for the present 
project. 


Nofe; the SAA5231, SAA5243 and the 
13.875 MHz quartz crystal used for build- 
ing this project should be available as 
spare parts from authorized Philips Com- 
ponents Service Centres. 


WILMSLOW AUDIO LTD 


IS MOVING 


After 25 September 1989, the address 
of Wilmslow Audio Ltd will be 


Wellington Close 
Parkgate Trading Estate 
KNUTSFORD WA16 8DX 
Telephone (0565) 50605 
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UHF CHANNEL TRAP 


J. Bareford 


Powerful repeaters for 
cellular radio and paging 
systems, or a strong local 
UHF TV transmitter, can 
wreak havoc with the 
reception of your favourite 
TV channel. This is usually 
caused by excessive field 
strength and resultant 
intermodulation in the 
aerial booster or the UHF 
input stages of the TV set. 
Cancel the interference 
once and for all with this 
simple two-component 
notch that covers the 
entire UHF TV band. 


Ghost pictures, moiré effects, poor syn- 
chronization, colour corruption, picture 
inversion and even complete receiver de- 
tuning are but a few of the awkward prob- 
lems suffered by TV owners having their 
own roof-mounted aerial installation, but 
unfortunate enough to live close to a 
transmitter site with UHF stations on it. 

Problems may arise almost overnight 
when you find that a particular TV chan- 
nel suddenly has a lot of interference on 
it, or is simply replaced by an moving 
pattern with accompanying buzz on the 
sound channel. On investigating the mat- 
ter, it may be found that a UHF cellular 
radio repeater has been installed recently 
ona nearby elevated building. The strong 
signal in the 600 or 900 MHz band blocks 
the preamplifier in your aerial booster or 
TV set, or, more precisely: the d.c. setting 
of the preamplifier is shifted to the extent 
that the stage acts as a mixer or even a 
demodulator or frequency multiplier (va- 
ractor effect). 

Similar problems may occur if a strong 
TV signal blocks reception of a relatively 
weak programme on a nearby channel. 


30 decibel down 


Receiver overloading may be prevented 
by suppressing the strong, unwanted 
component in the input frequency spec- 
trum. The present circuit does this with 
the aid of a series [-C filter that can be 
tuned to the interfering frequency. The 
filter acts as a high-Q notch, offering a 
suppression of more than 30 dB at the res- 
onance frequency. 

As shown in the drawing of Fig. 1, the 
inductor is a length of 1 mm dia. silver- 
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plated wire connected to a 5.5 pF PTFE 
foil trimmer (colour code grey, Philips 
Components). The stator terminal of the 
trimmer is bent forward and soldered to 
the inductor, while two rotor terminals 
are soldered direct to ground. This L-C 
combination covers most of the UHF TV 
frequency range (approx. 470-870 MHz), 
and gives far better results than, for in- 
stance, a quarter-wavelength coax stub. 

The trap is housed in a screened enclo- 
sure made from sheet metal (tin-plate or 
brass). Coax sockets enable the trap to be 
installed in the cable leading to the input 
of the aerial booster. Do not fit the trap 
between the output of the booster and the 
input of the TV set — it has no effect there 
because the interference is caused in the 
booster! 

One socket on the trap may be replaced 
by a coax plug to enable the unit to be 
plugged direct on to the output of the 
coupling /filter unit, if used. 

Alignment is simple; tune to the TV 
channel you want to watch, and adjust the 
trimmer until the picture is free from in- 
terference. The adjustment is fairly critical 
due to the high Q factor of the L-C filter, If 
there is more than one source of inter- 
ference, each of these must be suppressed 
with its own trap, tuned to the relevant 
frequency. 

Alternatively, if you want to block out 
a particular TV channel permanently 


whose reception is otherwise all right 
(cable networks), adjust the trap for maxi- 
mum suppression. The TV channel will 
vanish into noise as you reach the channel 
frequency. Remember that each channel 
to be suppressed needs its own trap, un- 


UHF CHANNEL TRAP g 


less one acts on a number of channels sim- 
ultaneously, which is not likely to occur 
ona cable TV system. 


Extended coverage for 
BBC TV Europe 


BBC TV Europe is a simultaneous relay 
of the BBC-1 service broadcast in Britain, 
with BBC-2 programming replacing feature 
films and purchased material, to give the 
European viewer an 18-hour per day service 
of the best of the BBC at the same time it is 
seen in the UK, 

Satellite transmissions of BBC TV Eu- 
rope began in June 1987, following an agree- 
ment between the Danish Telephone 
Companies and the BBC. The service was 
extended to Norway later in 1987 and to 
Sweden in 1988, As of April Ist of this year, 
BBC TV Europe is transmitted from an east- 
spot transponder of the Intelsat-VFI1 at 27.5 
degrees West. 

From its start in 1987, BBC TV Europe 
has steadily attracted more viewers, and now 
reaches over a quarter of a million house- 
holds via the Scandinavian cable networks. 
The use of the east-spot transponder, how- 
ever, allows direct-to-home reception also if 
a dish of 1.2 m or larger is used. 

BBC TV Europe, like the BBC in the UK, 
does not carry advertising. Therefore the sig- 
nal is scrambled and the cost recovered by 
making a charge to cable companies or direct 
to home viewers. The SAVE decoder re- 
quired is available through local agents from 
Sat-Tel. 


BBC Enterprises Limited - Woodlands 
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Telephone: (01 743 5588). Fax: (01 749) 
0538. 


Intel unveils industry’s 
first EISA chip set 


Intel’s 82350 EISA bus chip set consists 
of two system board devices that provide 
100% compatibility with the EISA bus. In 
addition, Intel is supplying a bus master de- 
vice for add-in cards, and a bus buffer device 
that integrates system board glue logic. In- 
cluded in the new chip set are the 82357 
Integrated System Peripheral (ISP) and the 
82358 EISA bus controller (EBC), which rec- 
ognizes and works with both the 32-bit 386 
and 1486 processors. 

Intel also plans to provide the 83252 EBB 
for those manufacturers seeking higher inte- 
gration for the system board. The EBB con- 
tains buffering logic for any one of three 
modes, including address, data and parity 
control, replacing as many as 17 TTL com- 
ponents. Though not strictly required for 
EISA compatibility, the EBB will help sys- 
tem designers meet critical EISA timing de- 
mands. 


Intel Corporation (UK) Ltd » SWIN- 
DON. Telephone: (0793) 696000. 


Eutelsat participates in 
Olympus communications 
experiments 


Eutelsat, the European Telecommunica- 
tions Satellite Organization, and operator of 
four Eutelsat-1 telecomms satellites, is an 
active participant in the definition, applica- 
tion and assessment of the communications 
experiments to be conducted on the recently 
launched Olympus experimental communi- 
cations satellite. 

Eutelsat has proposed 22 experiments to 
the European Space Agency (ESA) to be 
conducted on Olympus. A total of 17 are for 
the 20/30 GHz payload, four for the 
12/14 GHz specialised payload and one for 
the DBS payload. These experiments will 
include teleseminars, news gathering, data 
distribution to microterminals, SS-TDMA 
and narrowcasting. The first experiments are 
expected to start in mid-October. 


Eutelsat * Vanessa O’Connor + Tour 
Montparnasse 33, avenue du Maine « 
75755 Paris Cedex 15 » FRANCE. Tele- 
Phone: +33 (1) 45384747. Fax: +33 (1) 
45383700. 
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Advanced implant system for visi fabrication 


In the last two decades, integrated circuit 
technology has invaded most areas of 
business, consumer products and manufac- 
turing. Its growth has indeed been phe- 
nomenal and almost exponential with the 
element density: nearly quadrupling every 
two years. This has been the result of sev- 
eral revolutions in the development of 
semiconductor devices. These have moved 
on from transistor-transistor logic (TTL), to 
emitter-coupled logic (ECL), to negative 
metal-oxide semiconductors (NMOS), and 
in the last few years to complementary 
metal-oxide semiconductors (CMOS), in 
which very large scale integrated (VLSI) 
chips of one-quarter or one-half million 
elements are not uncommon. 


by Bill Pressdee, BSc, CEng, MIEE 


one in which a product lot of wafers — 
loaded into a slotted quartz wafer carrier 
and introduced into an open-end high tem- 
perature furnace tube — is subjected to a 
flow of dopant transported along the tube 
by a carrier gas. This is often nitrogen 
mixed with oxygen, which permits the 
impurity to reach the wafer surface as an 
oxide, 

This process has now largely been 
replaced by ion implantation. By acceler- 
ating a beam of ionized impurity atoms in 
a vacuum to strike the wafer surface, the 
ion implantation technique enables a pre- 
cise quantity of impurities to be intro- 
duced into the substrate. The impurities 


ode and an anode, and confined by a per- 
manent magnet. 

The passage of the atoms through the 
plasma enables the ions so produced to be 
accelerated into a beam. This beam is sha- 
ped and introduced into the target chamber 
where it performs a raster scan of the 
mounted wafer. The beam power and ton 
dose must be carefully controlled to corre- 
spond to the depth of implant required, 


Greater flexibility 

The precision implanter (PI)-9000 was in- 

troduced in September 1985 and brought a 

new dimension to ion implanters in the 

context of precision, reliability and 
throughput. The design of the 


A similar story can be told 
of the growth of memory de- 
vices up to the most recent bi- 
polar types, including dyna- 
mic random access memories 


(DRAMS) of up to 16 Mbit capa- Ps 


city and above. As the circuit 
density has grown more com- 
pact, the semiconductor manu- 
facturing techniques have 
become increasingly sophisti- 
cated to meet the requirements 
of precision in fabrication and 
reliability in operation. 

The fabrication of a VLSI 
chip, measuring a few tens of 
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millimetres on a silicon sub- 
strate is a complicated affair. 
The visi is a complex three- 
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machine took account of the 
progress of VLSI towards CMOS 
devices and also chips contain- 
ing both cmos and bi-polar 
devices. 

The fabrication of an ad- 
vanced CMOS device may re- 
quire as many as I1 implants, 
four of which would be at high 
dosage. On the other hand, the 
VLSI design may require shal- 
low junctions with boron 
implants of 10 keV, although 
such thin gate oxides are a 
potential source of damage 
caused by charging effects. 

These and other considera- 
tions pointed to the need in the 
PI-9000 for flexibility to ac- 
| commodate rapid changes in 


dimensional device, the strata 
of which are built up by a 
series of processes involving 
several chemical substances 
and a series of photolithographic masks 
that define the patterns to be transferred to 
the wafer as photoresist. 


Fabrication process 
A pattern is fixed, generally by ultraviolet 
radiation, the unfixed portion being subse- 
quently etched away to allow deposition 
on the substrate. Precise alignment of the 
mask appropriate to each stage of the fab- 
rication is paramount, as is the cleanliness 
of process operations. Careful attention 
must be paid to the temperatures of depo- 
sition and annealing to minimize the out- 
diffusion of impurities from their layers. 
The predeposition diffusion process is 


Diagram of the Faraday region of the PI-9000 implanter 


may be inserted selectively in areas where 
there is an absence of surface masking 
material. They can be prevented locally 
from reaching the substrate by photoresist 
or a thermal oxide layer of sufficient den- 
sity. 

An ion implanter needs to generate a 
high current level of the required ion type 
to reduce processing time. The ions may 
be produced by any method that endows 
the atoms with sufficient energy to sur- 
mount the ionization threshold, generally 
by collision between high energy free 
electrons and atoms of the gas. A radio 
frequency plasma can be created by an 
electron field between a hot filament cath- 


dose, energy and implant spe- 

cies. With beam currents of up 

to 30 mA and a voltage range 
of 10 to 180 keV, the machine can handle 
virtually any implant requirement. 

At the time of the PI-9000's introduc- 
tion, the implanters of even modest cur- 
rent capabilities were subjecting wafers to 
high power and high charge densities, 
causing damage to photoresist and oxide 
layers. However, even with three times as 
high a beam current as other implanters, 
the 9000 generates less than one-third the 
pulse power and charge density, while the 
photoresist integrity is ensured over its full 
power specification and beyond. The scan- 
ning system spreads the power over a 
large area and incorporates very high scan 
speeds, The ultimate wafer temperature is 
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further reduced by a water-cooled planar 
heat sink, 

The system uses a Freeman source with 
an extraction voltage of up to 50 kV, de- 
celerating to 20 kV for analysis, and a 
multi-gap post accelerator that is very tol- 
erant of high pressure transients, Accurate 
dose control is provided by monitoring the 
be current falling on the beam stop when 
the wheel is out of the beam. 

Control of the scanning system is inde- 
pendent of beam current, making dose and 
dose measurement exempt from the effects 
of neutralization, secondary electrons 
associated with wafers, and electrons from 
the electron flood gun, which is turned off 
during beam monitoring. The Faraday 
region also includes a beam profiler for 
measuring beam shape and position that 
can be used prior to each implant. 


Fewer breakages 

The PI-9000 was the first implanter to 

introduce planar wafer holding, in which 

the centrifugal force of the spinning wheel 

holds the wafers in contact with the heat 

sinks. Its other advantages include: 

* better cooling; 

* greater uniformity; 

+ reduced contamination and wafer 
breakage 

* the ability to implant over the whole 
wafer area, 

During photoresist implants, the cham- 
ber pressure rises owing to the out-gassing 
of hydrogen from the photoresist material. 
One of two cryopumps fitted is used to 
pump the post-accelerator region, making 
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it very stable electrically even at high 
out-gassing rates. By careful design of 
the temperature control system, the 
wafer temperatures are kept at below 
40 °C. 

The system processes wafers up to 
150 mm in batches of 25, loaded on to 
the vertical processing wheel. 
Automatic loading is via a cassette-to- 
cassette handling system that allows up 
to five cassettes containing 25 wafers to 
be placed in the vacuum load lock. 
Clean room access to the PI-9000 is 
limited to the load lock chamber and the 
light-pen-operated video control screen. 

Other measures to ensure a clean 
wafer environment include: sputtering 
traps; dedicated resolving apertures to 
reduce cross-contamination:, and wafer 
paddles to remove major sources of con- 
tamination and particles. The system 
maintenance requirements are low; 
hardware and software are modular in 
design; full diagnostics, maintenance 
prompts and self-calibration routines are 
provided. 


Superior wafer handling 

The new PI-9200, introduced just over a 
year ago, is substantially the same as the 
PI-9000, but has several new hardware 
and software features and an upgraded 
performance as a result of three years of 
operational experience with the earlier 
machine. The new model includes fea- 
tures incorporated as upgrade kits for 
the 9000 to improve system reliability, 
made possible by careful failure moni- 


toring and analysis. 

The handling system has been 
redesigned to take wafers up to 200 mm, 
the wheel batch size has been reduced to 
17, although throughput exceeds that for 
150 mm wafers on the 9000. The 
implanter has a higher performance 
source and the load lock chamber has 
been redesigned to reduce gas flow turbu- 
lence and particulates, as have the gas 
vent and pump-down ports. 

Internal parts that analysis has shown 
to be particulate-generating have been 
eliminated and the particulate level has 
been further reduced by a new cleaning 
routine for the load lock and the wheel 
chambers. 

A new control computer has been in- 
troduced and the software response times 
have been improved considerably, while 
the data collection capacity has been 
enhanced. The new Autobeam software 
enables the process engineer to specify 
any number of recipes to meet the needs 
of special devices. Each is identified by a 
simple code number. All the engineer has 
to do is to specify the number and load 
the cassette; the Autobeam then takes 
control of the fabrication. 


The Precision Implanter is designed and 
produced by Applied Materials » Implant 
Division « Foundry Lane * HORSHAM 
RH13 SPY « England « Telephone (0403) 
53316. 


More Automation for Electronics 
Manufacturing 


Reduced manufacturing times and costs 
are in prospect for electronics companies 
as a result of a new computer integrated 
manufacturing (CIM) software package 
from Racal-Redac. 

Nowadays, most electronics designers 
use computer-aided engineering (CAE) and 
computer-aided design (CAD) systems to 
engineer and lay out their printed-circuit 
boards (PCBs). The output of such systems, 
a finished PCB layout, is usually provided 
via a pen plotter or photoplotter in the 
form of hard-copy artwork. 

However, there are two major areas of 
inefficiency in using hard-copy artwork to 
set up a PCB manufacturing process. 
Firstly, the generation and necessary pho- 
tographic duplication of the artwork is 
costly and time consuming. Secondly, the 
pcs design produced on the CAD system 
may not meet the constraints on board 
shape and complexity imposed by the 
manufacturing process. This will lead to 
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costly reworking of the original design, 
and possibly to a great deal of wasted 
effort in trying to set up a manufacturing 
process for an impossible design. 

Racal-Redac’s *Visula CAM (computer- 
aided manufacturing)’ consists of a series 
of programs that allow pcs designs to be 
taken directly from its Visula Plus 
CAE/CAD system (or from non-Redac sys- 
tems via the standard Gerber transfer for- 
mat), optimized tor the manufacturing 
process and used to automatically program 
today's high-technology manufacturing 
tools such as auto-assembly machines and 
automatic test equipment. 

The most innovative aspect of Visula 
CAM is its variety of post-processing inter- 
faces. These interfaces allow a pcB design 
to be post-processed into a data format 
that can be used to drive the tools used in 
pcB manufacturing directly. 


Electroplating ecBs with Copper 


A high-speed acid-copper process that 
offers excellent deposit distribution for 
PCBS has been introduced by PMD 
Chemicals. “Procire 971° offers a current 
density of 20-80 A/ft? (1.8-7.4 A/m2) to 
make it possible to plate board types selec- 
tively that previously could be plated only 
at relatively low current densities. 

The process is suitable for closely 
packed surface-mount boards; boards that 
have large areas of ground plane together 
with isolated tracks; and boards that have 
a large variation in plating area from side 
to side. It will plate down holes with a 6:1 
depth-to-diameter ratio and give an even 
coating on surfaces and holes. 

‘Procire 970" is a similar solution spe- 
cifically intended for multilayer boards, It 
offers the same quality of deposit but 
improves the depth-to-diameter ratio to 
20:1 while still giving nearly even deposit 
thickness ratios. Its operating current den- 
sity is 5-25 A/ft2 (54-270 A/m2). 


OPEN SYSTEMS 


The growth in standards for computing 
must be one of the most significant devel- 
opments of the last few years. The term 
‘Open Systems’ has come to refer not just 
to the original idea of being able to inter- 
connect different makes of computer, but 
also to a whole range of products mainly 
centred on Unix and X-Windows. Sun 
Microsystems’ NFS is often included, 
although this is really a proprietary system 
that has become generally accepted. 

At the heart of all the ost applications 
lies the standard itself, which is what 
allows them to interchange information, 
typically over a thin-wire Ethernet. The 
standard was one of the first systems to be 
based on a layered model. 


The layered model 

A layered model is really a form of struc- 
tured programming, in that high-level 
operations are separated from low-level 
operations. Rather than being simply top- 
down, however, it is split into a vertical 
stack, so that the higher levels are cut off 
from the lower levels at certain points. 

An accurate interface is defined 
between all of them, so that a message is 
passed down at the transmitting side and 
up at the receiving side. 

The layers used in the OSI standard, 
with the operations they perform, are: 


7 — Application. This provides the front 
end of the system. It controls the actual 
sending of information down the lower 
layers and obtains the message from the 
application program that asked for it to be 
sent. 


6 — Presentation. This layer puts the data 
provided into the standard format to be 
sent, It handles data encryption. 


5 — Session. It is the job of this layer to 
ensure that both devices know when com- 
munication starts or comes to an end. It 
must therefore tell the receiving computer 
that a session (this may be logging on or it 
may just be sending a message) is starting 
and also when it has finished. 
This is particularly important if 
there is likely to be a significant 
delay between blocks of data. In 
that case, it can not be left to time 
out, because the delay would be 
very long. This sitution may be 
encountered if a message is being 
sent over the packet switch net- 
work, where delays can be 
encountered, 


Name 
Designed by 


by Pete Chown 


4 — Transport. The purpose of this layer is 
to decide what the most cost-effective way 
to send a message is. It does not have any 
control over the route that the message 
takes through the network. It will apply 
such other considerations as urgency and 
the availability of resources. 


3 — Internet. This layer decides on the best 
route through the selected network for the 
message to take. The layer could well be 
on a computer different from that which 
originated the message: suppose a mes- 
Sage is sent on to the packet switch net- 
work by the transport layer. It is the res- 
ponsibility of a different computer to con- 
trol the route through the network, 
because individual customers have no 
control over that. 


2 — Dataline. This handles retransmission 
of corrupted communications and checks 
CRCs or parity bits (which allow the 
receiving computer to check the integrity 
of the data). 


1 — Physical. This is the actual device 
driver that transmits the data on to the 
hardware interface between the comput- 
ers. 


In many applications, the layers are not 
distinct: for example, someone may pro- 
duce a single chip that handles error 
checking and interfacing, thus joining the 
dataline and physical layers. In addition, 
some companies, notably IBM and DEC, 
have their own version of the standard that 
predates it: the standard was designed to 
pull together the various proprietary stan- 
dards emerging. The layers in these may 
have different names as shown in the table 
below for Decnet. 

You would be excused for asking what 
possible advantage there could be in this 
complex setup. The answer is that it is 
now possible to conceive of, say, two ses- 
sion layers intercommunicating directly, 
because the layers below form an interface 
in their own right. As you go down to 


OSI 
CCITT/SO 


Application 
Presentation 
Session 
Transport 
Internet 
Dataline 
Physical 


Session 


Routeing network 
Ethernet 
Version 2 


User network application 
User network application 


End-to-end transport 


lower and lower levels, this interface sim- 
ply moves nearer to the hardware. Each 
layer in itself is fairly simple, so that writ- 
ing an interface based around OS! is not the 
formidable task it would be without it 
being split up into a vertical stack. 

Layered models also state what is 
implicit in every interface, even if these 
are not designed around such a model, in 
that it needs to be possible for higher level 
functions to assume that lower level func- 
tions have been carried out — that CRCs 
have been checked, for instance. Before a 
crc can be checked, it must, of course be 
determined that the message is legitimate 
electrically, so that for an RS232 interface, 
for example, a byte is framed by start and 
stop bits correctly. It is thus seen that a 
layered model follows on from what is 
really common sense. 


The application of osi 

The major growth area in computing in 
the last few years has been in the market 
for workstations. These are cost-effective 
ways of computing since they avoid the 
need of large concentrations of computing 
power, which are expensive. They depend, 
however, for their effectiveness on good 
communications. On a conventional sys- 
tem, communications are provided fairly 
easily because everyone is working on the 
same machine. Consequently, the worksta- 
tions have standards that probably are 
more emphasized than in any other area of 
computing. 

For this reason, ost has become associ- 
ated with workstations and the thin-wire 
Ethernets they often use for data commu- 
nications, It is in this sector of the comput- 
er market that some of the most imagina- 
tive uses have been found for the new pro- 
tocols. 


The graphics standard 

The purpose of the graphics standard is to 
relieve large computers of the work 
involved in producing graphics to present 
the results of the programs they are run- 
ning. It also relieyes communications links 
of the load of transmitting thou- 
sands of individual pixels. Instead, 
certain instructions are sent to 
local workstations over a thin- 
wire Ethernet, and these worksta- 
tions then control the production 
of the actual image. This tech- 
nique is referred to as remote pro- 
cedure calling, because graphics 
procedures can be called by a 
remote machine. The code trans- 
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mitted may the same whatever the receiv- 
ing machine. 

Once the image has been received by 
the workstation, another advantage 
becomes apparent. Some of the things that 
workstations are very good at are desk top 
publishing and graphics applications, so 
the pictures obtained from the remote 
machine can quickly and easily be incor- 
porated into documents being prepared 
locally (this also relieves large machines 
of word processing, which, owing to the 
overhead in switching between tasks, they 
are very bad at). 

Anyone who has used Aldus 
Pagemaker or MacDraw will be aware of 
the way in which shapes can be moved 
around on the screen, as distinct from a 
‘painting’ program where a shape is mere- 
ly stored as a collection of pixels on the 
screen. This is another advantage of the 
graphics standard, because the graphics 
sent to you by a remote machine can be 
manipulated locally: you might decide, for 
instanee, that you wanted your pie-chart 
twice as large. On a conventional system, 
this would result in large pixels becoming 
visible where small ones had doubled in 
size. With the new system, however, all 
the co-ordinates and sizes can be doubled. 
giving rise to an accurate chart at four 
umes the area. 


Network filing system 

The network filing system was devised by 
Sun Microsystems while everyone else 
was trying to reach a consensus. This 
move, brilliant commercially, but bad for 
effective standards, gave Sun the Icad 
when it became accepted at least as a de 
facto standard, 

This system allows you to work on one 
machine and use files distributed around a 
thin-wire network. What you do is to set 
up a logical directory on your machine 
that actually corresponds to a directory on 
a remote machine. The fact that the direc- 
tory is not local is invisible to the user 
once that link has been set up. 

A similar, but less powerful, system is 
used by Microsoft for MS-NeET. This pre- 
dates the Sun system by quite a long time, 
but there are several problems: firstly, the 
machine providing the files has to be Ged 
up as a dedicated file-server; secondly, the 
remote directories are mapped on to local 
drives - each remote directory is thus 
placed at the level of being a different 
physical device. This limits the number of 
remote directories to 26, which is probably 
not too much of a problem, but it makes 
the system inelegant and confusing. 


Distributed document architecture 

The DDA has been set up to allow a docu- 
ment to contain several different files in 
such a way that the merging of these files 
is invisible to someone looking at the doc- 
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ument. These files could, of course, be on 
a remote machine if the system were used 
in conjunction with NFS. At present, it is 
available only on DEC machines running 
DEC-Windows (a version of X-Windows 
with extensions. The extensions are there 
to make it difficult for users to change to 
other x-windows systems. This technique 
has been used by all the major workstation 
manufacturers). 

This technique opens up a whole range 
of possibilities. For instance, it makes it 
possible to design documents that update 
themselves automatically when something 
changes, say, a graph. A new run of simu- 
lation could, therefore, cause the report 
relating to it to update automatically as 
well (it can not, however, rewrite the con- 
clusions drawn from the graph!). 

The technique is more efficient in 
terms of storage than conventional docu- 
ments. Suppose you have a large illustra- 
tion that has been ‘pasted’ into a document 
prepared on a pTp system. This illustration 
is then stored in the document file and also 
in its original form to allow it to be 
changed if necessary. With a distributed 
document system, the illustration is stored 
only once, and the document derives its 
illustration from the same file. 

This system also has some disadyan- 
tages: it is, for instance, not possible to 
have one file that contains a document. 
This makes it more difficult to e-mail it to 
someone. Then there is a danger of inter- 
connected webs of files growing up, which 
are hard to manage because it is much 
more difficult to say whether a file is fin- 
ished with. Furthermore, it is possible for 
a file to belong to more than one docu- 
ment. 

These drawbacks become more serious 
if the constituent files are not even on your 
machine: suppose you have a file that is 
offered to somebody remotely and this 
third party incorporates it into a document 
without taking a copy of it. You might 
then conclude that the file is finished with 
and erase it. This problem is more likely to 
occur if people working on the same pro- 
ject are routinely given access to your 
files. It makes it much more important for 
strict control to be exercised over which 
files can be assumed to be left there and 
which not. 


Documentation standard 
Go into any large organization and you 
will discover the endless problems of 
moving documents between different 
word processors. There is, consequently, a 
proposal between several large computer 
companies to set up a standard for trans- 
ferring documents. This standard, how- 
ever, is still at the proposal stage. 

The idea is that there be a uniform way 
of storing the margin settings, page 
lengths, inserting headings, and so on, It 
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seems unlikely to catch on, however, 
because it relates to text-only documents, 
and not to DTP output files or documents 
with graphics inserted into them. It seems 
improbable that anyone will want to 
accept a system that can not cope with 
these types of document. 

There are two ways of implementing 
the documentation standard. One is to use 
a native-mode editor that works directly 
on files in this format. The other is to use a 
conversion program written for a particu- 
lar word processor that converts files to 
that format, and then another conversion 
program to convert the files back to the 
format required for the destination word 
processor, 


Unix and X-windows 

Unix and X-windows are not really OsI- 
based applications, but are very important 
for the success of ost. They form a stan- 
dard operating system, based on C, that 
allows programs written for one worksta- 
tion to run on another. This is very impor- 
tant, because it permits the workstations to 
become program development tools: the 
code is then run on a more suitable desti- 
nation machine. Also, in the volatile work- 
station market, it is impossible to be really 
confident about where any of the smaller 
operators will be in a few years’ time. It 
helps manufacturers to sell their products 
if users know that they can change to 
another manufacturer fairly easily. This is, 
of course, not the attitude taken by IBM 
who have traditionally blocked standards 
(even ascu!) because these allow people 
to buy non-IBM machines. It is, of course, 
true that what makes sense for smaller 
manufacturers does not for larger ones like 
IBM and DEC who try to get their own stan- 
dards adopted. Increasingly, however, 
even these large companies are being 
forced by user pressure to support OSI. 


Bringing it all together 

‘e have looked at OS! and a wide variety 
of workstation and network-based applica- 
tions. The large flood of applications 
depends entirely on ost and Unix, which 
makes it clear how revolutionary the com- 
bination of these two has been. 

I will now consider one example of the 
use of this combination that brings to- 
gether many of the things discussed in this 
article. 

The example is a financial report of a 
company that will contain a general text 
written by the general manager or manag- 
ing director, graphics produced by the pro- 
duction manager or director outlining the 
efficiency of a production process and text 
and graphics produced by the accounts 
department showing the overall financial 
situation of the company. Assuming that it 
is important for the document to be kept 
up to date, a distributed system is used. 


The general manager, or his assistant, 
would produce his text, which contains 
references to the files for the graphics and 
any additional text. It would not be essen- 
tial, and in practice it would almost cer- 
tainly not be the case, to use the same 
word processor that the other texts are 
prepared on, as long as the documentation 
standard is used. 

All the parts of the document would 
update themselves automatically, so long 
as they did not change so radically as to 
make the author's conclusions meaning- 
less. One problem with large-scale distri- 
bution as encountered here would be the 
large load on the thin-wire Ethernet. 

Let us now consider what would hap- 
pen to a copy of one of the graphs as it 
moves through the layered model. Firstly, 
the message would be passed to the appli- 
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cation layer (the message will already be 
in graphics standard form) on the sending 
computer, which would fetch the message 
from memory and send it on. 

The presentation layer would encrypt 
the data if necessary: it would probably 
not do any protocol conversion because 
the message is already in a standard form. 

The session layer would then (via the 
lower layers) tell the session layer on the 
receiving computer that a message is start- 
ing (notice how the session layers can be 
regarded as intercommunicating directly). 
It would then send the message to the 
transport layer and tell the receiving com- 
puter that the message had been sent. Note 
that what could be an entire session is 
only used for one message in this case. 

The transport layer would have little to 
do in this example since only one method 


of transport is available: the thin-wire 
Ethernet. 

The internet layer would then decide 
on the most efficient and cost-effective 
route through the networks if there were 
more than one connected via a bridge. 

Finally, the dataline layer would add 
crcs and other checking information and 
the physical layer would send the mes- 
sage. 

On the way to the receiving computer, 
all the layers would perform the operation 
in reverse. The first item sent would be 
the session start information and this 
would be passed on until it came to the 
session layer that would note that a mes- 
sage was starting. The rest of the message 
would then be passed on, and finally the 
session end information would tell the 
session layer to end the message. 
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Electronics tv - Second Edition 

by D.C. Green 

ISBN 0 582 02183 9 

275 pages — 246 x 189 mm 

Price £9.95 

The second edition of this successful book 
provides an up-to-date text of modern ana- 
logue electronics for 1INC Or HND students 
in Electrical Engineering, Telecommuni- 
cation Engineering, Electronic Engineer- 
ing or to those studying for the City & 
Guilds Telecom (271) Higher Course. The 
corresponding digital electronic require- 
ments can be found in Digital Electronic 
Technology (2nd edition) by the same 
author. 

It will also prove of great benefit to 
anyone else requiring a comprehensive 
introduction to modern analogue electron- 
ICs. 

Longman Scientific & Technical » Long- 
man House + Burnt Mill « HARLOW 
CM20 2JE. 


Digital logic gates and flip-flops 

by Ian R. Sinclair 

ISBN 1 870775 06 6 

192 pages — 215 x 135 mm 

Price £8.95 

This book is intended for students, techni- 
cians and any one else seeking a firm 
foundation in digital electronics. It is not a 
book for the constructor, but rather for 
those who want to design and troubleshoot 
digital circuitry with considerably more 
understanding of principles than most con- 
structors. Therefore, topics such as Boo- 
lean algebra and Karnaugh mapping are 
explained, demonstrated and used extensi- 
vely. 


No background other than a basic 
knowledge of electronics is assumed: the 
more theoretical topics and many working 
examples are explained from the begin- 
ning. 

The book concludes with an explanation 
of microprocessor techniques as applied to 
digital logic. 

PC Publishing +» 4 Brook Street » TON- 
BRIDGE TN9 2PJ. 


The IEE wiring regulations explained 
and illustrated 

by Brian Scaddan, IEng, MIElecIE 

ISBN 0 434 91823 7 

96 pages — 210 x 147 mm 

Price £7.95 

This book should be read in conjunction 
with the 15th Edition of the Regulations 
for Electrical Installations issued by the 
Institution of Electrical Engineers: it is NO 
substitute for it. 

Intended for all operatives and person- 
nel in the electrical contracting industry, 
students and electricians, the book is full 
of practical advice, clearly explains the 
background to the design principles set out 
in the regulations and concentrates on the 
vital areas of earthing and bonding, pro- 
tection and circuit design. 


Electric Wiring: Domestic 

by A.J. Coker 

Revised by B. Scaddan 

ISBN 0 434 90254 3 

190 pages -— 233 x 155 mm 

Price £9.95 

This ninth edition of Coker's Electric 
Wiring: Domestic remains the reliable 
guide to the practical aspects of domestic 
electric wiring it has been for close to half 
a century. It has been thoroughly revised 
by Brian Scaddan to take into account the 


latest amendments to the 15th edition of 
the Regulations for Electrical Installa- 
tions issued by the Institution of Electrical 
Engineers, and modern techniques, prac- 
tices and materials. 

The book is thoroughly recommended 
to electrical contractors, installation engi- 
neers, technicians and students. 


Op-amp Circuits Manual 

by R.M. Marston 

ISBN 0 434 91207 7 

211 pages - 215 x 136 mm 

Price £12.95 

Operational amplifiers have become indis- 
pensable in many branches of electronics 
and this book shows how these devices 
may be readily used in modern electronic 
circuit design. Unlike many other authors, 
Mr. Marston clearly differentiates between 
the three basic types of opamp: standard 
(741, etc), Norton (LM3900, etc) and the 
OTA (operational transconductance ampli- 
fier) (CA3080, etc). 

The emphasis of the book is on practi- 
cal information and circuits that use mod- 
estly priced and readily available Ics and 
other devices. 

The book should be of particular inter- 
est to the practical design engineer, techni- 
cian, experimeter and student of electron- 
ics, 

Heinemann Professional Publishing » 
Halley Court + Jordan Hill « OXFORD 
OX2 8EJ. 


Digital Audio Projects 

by R.A. Penfold 

ISBN 0 85934 190 9 

82 pages — 177 x 111 mm 

Price £2.95 

With the arrival of digital electronics in 
the audio engineering field, for instance, 
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compact disc players and digital tape 
recorders (DAT), there is undoubtedly a 
demand for suitable projects for the exper- 
imentalist. Unfortunately for them, as Mr 
Penfold says in the preface, “some types 
of digital audio equipment are probably 
not practical propositions for the pry elec- 
tronics enthusiast. CD player and DAT pro- 
jects for the electronics hobbyist do not 
seem likely in the near future (if ever)”. 
Although this reviewer does not agree 
with that statement, the book is neverthe- 
less a worthwhile introduction to the theo- 
ry and practice of digital] audio. 


More Advanced MIDI Projects 

by R.A. Penfold 

ISBNO 85934 192 5 

118 pages — 177x111 mm 

Price £2.95 

When this book's predecessor, Mipi Pro - 
jects, was published in June 1986, the 
Musical] Instrument Digital Interface had 
been adopted by only a handful of electro- 
phonic instrument manufacturers. That sit- 
uation has changed radically in the few 
intervening years: MIDI sockets are now 
provided not only on most synthesizers, 
but also on many electronic pianos, elec- 
tronic organs and not a few guitars, audio 
mixers, effects units, computers, and 
portable keyboards. 

Since sales of electronic music instru- 
ments have never been better, this seems a 
suitable time for More Advanced mipt 
Projects. Although “it is probably not pos- 
sible for the amateur builder to compete 
with electronic instrument manufacturers”, 
there are quite a few useful MIDI acces- 
sories that are well within the capabilities 
of the average electrophonics enthusiast. 
This book provides them! 

Bernard Babani (publishing) Ltd « The 
Grampians « Shepehrds Bush Road « 
LONDON W6 7NF. 


Guide to Broadcasting Stations 

20th Edition 

Edited by Philip Darrington 

ISBN 0 434 90309 4 

236 pages — 185 x 120 mm 

Price £9.95 

The latest update of this famous guide, 
which has been in print continuously since 
1946, and has sold well over 300,000 
copies since then, is again edited by Philip 
Darrington, former editor of Electronic & 
Wireless World. 

The guide lists stations broadcasting 
world-wide in the long-, medium- and 
short-wave bands in frequency, geographi- 
cal location and alphabetical order. It also 
includes much other useful information on 
such topics as choosing a short-wave 
receiver, aerials, writing reception reports, 
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world time broadcasts in English, propa- 
gation, signal identification, and much 
more. 


Students' Guide to Information 
Technology 

by Roger Carter 

ISBN 0 434 90222 5 

233 pages - 215 x 138 mm 

Price £8.95 

This book is one in the HEINEMANN NEW- 
NES INFORMATICS SERIES of textbooks cov- 
ering the broad spectrum of IT topics for 
college-level students on BTEC, City & 
Guilds or professional courses with IT 
components, and for students of computer 
studies. “Active learning’ techniques have 
been incorporated, with achievement 
goals, case studies, and exercises applica- 
ble to a range of hardware and software. 

The present work provides an overview 
of information technology. It includes an 
explanation of the microprocessor and the 
computer, an introduction to computer 
software, an account of audio and video 
technology as well as coverage of commu- 
nications technology, and it gives the stu- 
dent an insight into office automation, into 
the use of IT in design and manufacturing, 
and into the significance of IT for our 
homes, our institutions, and for society at 
large. 

Roger Carter is Reader in Information 
Technology at the Buckinghamshire Col- 
lege. 

Heinemann Professional Publishing + 
Halley Court + Jordan Hill « OXFORD 
OX2 8EJ. 


BRITISH STANDARDS 

BS7024:1988 (NEW) specifies the charac- 
teristics of 130 mm (5.25 in) flexible disk 
cartridges recorded at 7,958 ftprad 1.9 
tpmm (48 tpi) on both sides using modi- 
fied frequency modulation recording. 


BS6789:1988 (NEW) is intended to 
specify all the additional functions and 
facilities that may be added to public 
switched telephone networks for use in 
conjunction with simple telephones or 
modems. 


BS4584:Part 14:1989 (REPLACES BS4584 
:Part 14:1977) specifies the requirements 
for properties of phenolic cellulose paper 
copper-clad laminated sheet, in thickness- 
es of 0.5 mm to 6.4 mm, for printed wiring 
boards. 


BS5084:Part 4:1988 (REPLACES BSSO084: 
PART 4:1974) — Magnetic tape for instru- 
mentation applications — specifies the 
recording characteristics (including tele- 
metry systems) interchange requirements. 


NEW BOOKS 27] 


Addendum No. 6 (1989) to BS3934:1965 
specifies the dimensions of semiconductor 
devices and integrated electronic circuits, 


All British Standards may be ordered from 
The Sales Department » BSI + Linford 
Wood +» MILTON KEYNES MK 14 6LE. 


Readers should also note that each county 
in the UK has at least one large Public 
Library where complete sets of British 
Standards are held for general consultation 


The Homebuilt Dynamo 

by Alfred T. Forbes 

ISBN 0) 9597749 0 4 

182 pages — 308 x 215 mm 

Price £42.00 (airmail post paid) 

This is a fascinating book that has given 
your reviewer a few happy hours of brow- 
sing and absorbing ingenuity. 

The book originates from the premise 
that there had to be a method of generating 
low-voltage electricity from mechanical 
energy and which could be developed 
from scratch in the average home work- 
shop from (home-modified) off-the-shelf 
components and materials. 

The systems of construction described 
were mainly worked out by trial and error. 
The result is a picture diary with over 300 
illustrations detailing (with photos, sche- 
matics, and working drawings) the design 
and construction steps in the building of a 
low-voltage, low-speed, permanent mag- 
net, three-phase alternator with built-in 
full-wave rectifier — which makes it, in 
effect, a DC generator. 

The Homebuilt Dynamo (as wired in 
this book) can be used from 12 V to 36 V 
with a top rated output of LOOO watts ~ 28 
A at 36 V at 740 RPM. 

The machine has been specifically 
designed and simplified to the point where 
no soldering or welding is required. The 
use of connector strips (terminal blocks) 
for all wiring connections allows maxi- 
mum experimentation and changing of 
components without a major hassle. 
Neither is there any foundry work, that is, 
no casting for the housing. There are no 
brushes to wear out. 

The book also includes details of how 
to construct a precision diamond saw, a 
precision sheet metal cutter, a small lifting 
magnet, a foot-powered version of the 
Homebuilt Dynamo, a 139-pound fly- 
wheel, precision wire-winding jigs, and 
several pieces of apparatus for testing the 
magnets and the dynamo. 

An absolutely marvellous book for the 
true experimentalist! 

Todd-Forbes Publishing * P O Box 3919 
«Auckland * NEW ZEALAND. 


RGB-TO-CVBS CONVERTER RFK7000 


This RGB-to-CVBS converter, designed by ELV GmbH, accepts 
digital as well as analogue RGB signals from computer systems, and 
supplies a composite output signal suitable for driving a monitor, a 
PAL-compatible TV set with SCART input, or a video recorder. 


Nearly all of today’s home computers 
and personal computers (PCs) are capable 
of supplying RGB (red-green-blue) output 
signals for driving a colour monitor. The 
RFK7000 =RGB-to-CVBS — (chrominance- 
video-blanking-synchranisation) converter 
allows computer-generated colour pic- 
tures to be recorded on a VCR, or dis- 
played ona TV set, which normally has a 
greater screen size than a computer moni- 
tor. This brings interesting applications 
related to ‘televised’ demonstrations, 
multi-display networks, etc. within reach 
of the computer enthusiast with an inter- 
est for graphics applications. 


Connecting the converter 


The RFK7000 has 4 connectors on its rear 
panel: 

BU1: 

This socket accepts a 3.5 mm jack socket 
via which the unregulated 12 V d.c. sup- 
ply voltage is applied to the converter. 
BU2: 

This SCART socket takes the 3 analogue 
RGB signals at an amplitude of about 
1.5 Vpp. Analogue RGB signals allow an 
almost infinite number of colour combina- 
tions to be displayed, 

BU3: 

Via this SCART socket, the RFK7000 sup- 
plies the CVBS signal to the TV set or 
video recorder. A potentiometer allows 
the CVBS output level to be adjusted over 
a wide range. 

BU4: 

A 9-way sub-D connector accepts the digi- 
tal RGB signals at TTL level supplied by 
the computer. The 3 signal lines and the 
associated Intensity line give a maximum 
of 16 colours. 


The supply input of the RFK7000 is con- 
nected to a mains adapter with 12 V dic. 
output. The SCART output is connected to 
the CVBS (composite-video) input of the 


video recorder, monitor or TY set. Either 
BU2 or BU3 is used to drive the RFK7000: 
BU2 for analogue, BU3 for digital, RGB 
sources. 

Optimum picture quality is achieved 
by adjusting the VIDEO LEVEL control on 
the front panel of the converter. 


Circuit description 


The circuit diagram of the RFK7000 is fair- 
ly complex — see Fig. 1. 


Digital RGB input 

The digital RGB signals are applied tot he 
converter via 9-pin socket BUs. This input 
is intended mainly for IBM PCs and com- 
patibles equipped with colour graphics 
adapter (CGA). A CGA card supplies the 
3 RGB signals plus an intensity signal that 
allows any basic colour to be switched to 
half intensity. This results in a maximum 
of 16 different colours. The pinning of the 
9-way connector is as follows: 


Pin 1: ground 

Pin 2: not connected 
Pin 3: red 

Pin 4: green 

Pin 5: blue 

Pin 6: intensity 

Pin 7: not connected 
Pin 8: horizontal syne 
Pin 9: vertical sync 


The RGB and intensity signals are applied 
to XOR gate inputs ([Ca). Jumpers Bri and 
Br2 enable the RGB and/or intensity sig- 
nal to be inverted, so that the entire video 
signal can be inverted if desired. 

The intensity signal is coupled into a 
matrix network via a CMOS switch. The 
second brightness level can be adjusted 
with preset R23. 

The 3 RGB signals are taken to the anal- 
ogue inputs (pin 3, 4 and 5) of PAL en- 
coder [C7 (a Type MC1377) via a resistor 
network composed of Ris—R2i and Ras—R3s. 


At the chip inputs, the RGB signals have 
an amplitude of about 1 Vpp at maximum 
intensity, 

Each synchronisation signal is first fed 
to a transistor buffer stage, Ti-T2, and 
from there to a XOR gate in ICs. The po- 
larity of the synchronisation signals can 
be set to requirement with the aid of jum- 
pers Brs and Bra. XOR gate IChb supplies 
the composite sync signal at digital level. 
This negative-going signal is fed to pin 2 
of IC? via voltage divider Rsy-Rav. 


PAL encoder 

The Type MC1377 PAL encoder from Mo- 
torola forms the nucleus of the circuit, 
because it performs the bulk of the signal 
conversion functions. The colour subcar- 
rier frequency is adjustable with trimmer 
Cs, while the position of the colour burst 
on the rear porch of the CVBS signal is 
adjusted with Ras. 


Analogue RGB input 
The circuit takes analogue RGB signals 
from SCART socket Buz. This is intended 
for computers such as the Atari ST or 
Commodore Amiga, having an analogue 
or quasi-analogue RGB output. Since the 
RGB output level supplied by these com- 
puters is usually 1.5 Vpp to 3 Vpp, potential 
dividers Rs-Ry-Rio and Ri-R37-Rss are re- 
quired to ensure that the converter inputs 
are driven with a maximum level of 1 Vpp. 
The RFK7000 allows separate as wellas 
composite sync signals to be applied to the 
SCART input. Separate horizontal syncs 
at pins 10 and 14 are fed to Ti and T2 via 
4.7 kQ resistors. The function of the tran- 
sistors is similar to those used for the digi- 
tal syne signals, as discussed above. A 
composite sync signal as supplied by, for 
instance, the Atari ST, is applied via 
pin 20 of the SCART input. This signal is 
peculiar because it lacks horizontal syn- 
chronisation pulses during the vertical 
blanking interval. The MC1377, however, 
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Fig. 1. The heart of the RGB-to-CVBS converter is formed by a PAL encoder Type MC1377 from Motorola. 
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Content of the kit supplied by ELV France. 


can not work properly without these pul- 
ses. The circuit around [Cs and ICs con- 
verts the composite video signal into a 
standard composite sync signal that can 
be handled by the MC1377. 

The composite synchronisation signal 
at pin 20 of the SCART input socket has an 
amplitude of 2 to 3 Vpp. A clamping circuit 
composed of Ca0-R2-R3-Ra-Ds-Cs is used to 
derive a direct voltage from the composite 
sync signal, This direct voltage is given a 
digital level to control gate [C3a. A sub- 
sequent gate, [Cab, inverts this control 
voltage. 

Gate ICa and surrounding compo- 
nents Cii-R5-Re-R7-Da form an oscillator 
that is disabled outside the vertical blank- 
ing interval by means of Ds. This means 
that the oscillator supplies horizontal syn- 
chronisation pulses during the raster 
blanking interval only. The number of 
pulses and with it their spacing (32 ps) is 
adjusted with preset Rr. Gate ICsa nor- 
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Fig. 2. IBM PC CGA socket pinning. 


mally supplies a steady logic high level, 
but positive-going horizontal sync pulses 
during the vertical blanking interval. 

The length of the raster blanking inter- 
val is determined by components D7-C29- 
Ri and inverter [Cxe, whose output level 
changes from low to high at the end of the 
vertical synchronisation. This event en- 
ables the regenerated horizontal syn- 
chronisation pulses from pin 2 of IC3a to 
be added via ICsb, so that the output of the 
syne generator, pin 8 of ICs, supplies a 
normal composite synchronisation signal. 

If the input signals for the converter 
are obtained via SCART socket BU2, the 
jumpers on Brl and Br2 must be set in a 


Atari ST 13-way monitor connector 
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Fig. 3. Atari ST monitor socket pinning. 
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Fig. 4. Component mounting plan and top view of the printed-circuit board for the RGB-to-CVBS converter. 
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manner that ensures low levels at the out- 
puts of XOR combination [C4 (Bri and Br2 
at +12 V). 


CGA and 50/60 Hz 
The colour graphics adapter (CGA) in 
IBM PCs and compatibles supplies a ver- 
tical scanning frequency of 60 Hz. Most 
modern TV sets are capable of detecting 
this and switch automatically from 50 Hz 
to 60 Hz. Older types, however, may re- 
quire the vertical synchronisation to be 
corrected if the picture rolls. In most cases, 
this adjustment is fairly simple to make by 
means of the vertical syne control at the 
rear of the set. 

In case the picture is not correctly cen- 
tred, use MS-DOS command 

MODE CO80,R 
to shift the entire picture one character to 
the right. 


Output circuit and power supply 

The composite output signal is supplied 
by buffer Ts, level control Ras and electro- 
lytic capacitor C2s. 

The RFK7000 has two on-board voltage 
regulators, so that is conveniently 
powered from a standard mains adapter 
with 12 V d.c. output at about 300 mA. 
The unregulated input voltage is applied 
via 3.5 mm jack socket BUi, and fed to 
buffer capacitor Ci via D1, which affords 
reverse polarity protection. Capacitor C2 
serves to suppress noise. Regulator IC) 
has a diode, D2, connected to its ground 
terminal to raise the output voltage from 
10,0 to about 10.7 V. This provides the 
supply voltage for the PAL encoder 
MC1377, which requires a minimum of 
10.5 V for correct operation. Capacitor C3 
serves to eliminate any risk of oscillation. 
LED Ds is powered via Ri and indicates 
that the RFK7000 is switched on. Finally, 
the 5 V supply for the digital circuits is 
formed by regulator [C2 in combination 
with decoupling capacitors Cs to Cs. 


Construction 


The RFK7000 is relatively simple to build 
because all parts are accommodated on 
the single printed-circuit board supplied 
with the kit. Construction is expected to 
take about 3 hours. 

Start by inserting the lowest profile 
parts, the 29 wire links (do not solder 
them as yet). Next, bend all resistor termi- 
nals to obtain the right pitch. Insert the 
resistors in accordance with the Parts List 
and the component overlay on the PCB. 
Push the terminals apart after inserting 
the resistors to ensure that they do not 
drop from the board as it is turned and 
pushed firmly on a flat surface. Solder all 
wire terminals, and cut them off as close 
as possible to the solder joint. 

Next, turn the board and fit the 7 
diodes, 8 ICs, capacitors, etc. in the nor- 
mal manner. Lastly, mount the 4 connec- 
tors and the video level potentiometer on 
to the board. Check your work by inspect- 
ing all solder joints. 

Remove the nut from the 3.5 mm jack 


socket, and fit the rear panel of the enclo- 
sure on to the rear side of the PCB. The two 
SCART sockets and the 9-way sub-D 
socket are each secured with two 
M3x10 mm screws inserted through the 
socket flanges from the outside of the rear 
panel. Each screw is secured with two M3 
nuts. Mount and tighten the nut on to the 
jack socket. 

The front panel supplied with the kit is 
also quite simple to mount. Remove the 
nut from the level control potentiometer, 
mount the front panel, and secure the nut 
again at the outside. The potentiometer 
spindle is cut to about 10 mm. Next, fit the 
collet knob and secure it on to the spindle. 

Insert the PCB with the front and rear 
panel attached into the guides in the bot- 
tom half of the enclosure. 


Jumper settings 


Most CGAs in IBM PCs and compatibles 
supply a positive h-sync and v-sync sig- 
nals. Some cards, however, supply a nega- 
tive v-sync signal. 

The horizontal sync signal is fed to the 
base of Ti via pin 8 of socket BUs and Ros, 
and the vertical sync signal to the base of 
Tz via pin 9 of BUs and R2s. Assuming that 
positive syne signals are applied, either 
the horizontal or the vertical syne signal 
must be inverted to ensure a negative- 
going composite sync signal] at pin 11, the 
output of ICs. This may be achieved in 
two ways: 

1. Pin 6 of [Cob is tied to +5 V via Bra, and 
pin 9 of [Cee to ground via Bra; 

2. Pin 6 of [Cob is tied to ground via Brs, 
and pin 9 of [Cec to +5 V via Bra. 


Since most CGA cards supply positive- 
going RGB signals, Bri is connected to 
ground to ensure that the signals are not 
inverted by gates ICsa through ICs. The 
same applies to the intensity signal: pin 13 
of IC4a is normally connected to ground 
via Br2, The value of R23 determines the 
effect of the intensity bit on the colours, 
and may be adapted to individual require- 
ments. 

The jumpers on the board are fitted to 
allow the RFK7000 to accept sync po- 
larities from CGA cards other than the 
standard types around. In case of doubt, 
consult the manual supplied with your 
CGA card. 


Alignment 


The alignment of the RGB-to-CVBS con- 
verter concentrates mainly on PAL en- 
coder IC7. Alignment is straightforward, 
and can be carried out without an oscillos- 
cope. 

Apply a digital RGB signal to BUs (if 
necessary, refer to the pinning shown in 
Fig. 2), and connect a monitor with CVBS 
input to BUs. Adjust C25 and Rai alternate- 
ly until the colour appears on the monitor. 

Alignment with the aid of an oscillos- 
cope is even simpler because the instru- 
ment allows Raa to be adjusted 
beforehand. Connect the scope to the out- 


put of the RFK7000, pin 19 of BUs. Adjust 
R34 until the colour burst starts at 0.5 us 
after the horizontal sync pulse. 

Next, adjust the cross-colour filter, Li- 
Cai, Use an insulated trimming tool to ad- 
just the core of Li. Watch the picture on 
the monitor, and minimize the moving 
cross-colour patterns that occur typically 
at colour boundaries. This adjustment is 
also possible with the aid of an oscillos- 
cope: peak the chrominance - signal 
measured at pin 10 of the PAL encoder 
chip. This completes the adjustment of the 
RFK7000 for use with CGA-compatible 
PCs. 

No further alignment is required if the 
separate sync signals are applied to the 
SCART input socket. If, however, compo- 
site sync is applied to pin 20, preset Rv has 
to be adjusted. 

Although the Atari ST supplies separ- 
ate sync signals to the monitor socket (pin- 
ning: see Fig. 3), composite sync is used on 
the SCART cable provided with some STs. 

Preset Ry is used to set the pulse spac- 
ing of the horizontal sync signal gener- 
ated during the vertical blanking interval. 
The pulse spacing may be measured at 
pin 8 of ICsa, and should be about 32 ws. 
The actual value is fairly uncritical — the 
important thing is that the MC1377 re- 
ceives an even number of horizontal sync 
pulses during the raster blanking interval. 
This is required for correct synchronisa- 
tion of the internal PAL bistable. Con- 
structors not in possession of an 
oscilloscope simply adjust R? until the col- 
our shows up on the screen. Some re-ad- 
justment of R34, R7 and C25 may be 
required for optimum results, because 
these adjustments have a fairly large 
range and some interaction. In most cases, 
however, the alignment of the RFK7000 is 
straightforward by optimising the colour 
fidelity with the aid of the monitor. 

Finally, it should be noted that the 
graphics card or computer used to drive 
the converter must be programmed to 
supply 50 Hz vertical synchronisation 
pulses if pictures are to be recorded ona 
VCR. This is not required for most moni- 
tors and TV sets, whose vertical scanning 
rate is adjusted either automatically or 
manually to synchronize at 60 Hz. The 
RFK7000 is not suitable for NTSC systems. 
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6. 16-channel running lights 


W. Werner 


This month we turn our attention to a less serious design. The 
robots in the popular TV series ‘Battlestar Galactica’, and the 
super-intelligent car ‘Kitt’ in ‘Knight Rider’ are credited with seeing 
abilities obtained from an electronic eye. The running lights circuit 
described here simulates such a scanning eye, and is aimed at our 
younger readers, the budding ‘Knight-Riders’ and model robot 


The circuit diagram of Fig. 1 shows that 
the anodes of the 16 LEDs that simulate 
the scanning eye are commoned and con- 
nected to the +12 V supply via Ri. We can 
make any 1 of the 16 LEDs light by con- 
necting its cathode to the negative supply 
rail, which is the same as ground in the 
present case, Circuit ICs is the electronic 
equivalent of a single-pole lo-way rotary 
switch because it takes the cathode con- 
nections to ground in a sequential man- 
ner. Only one LED lights at a time. First, 
output SO goes low, then S1, then $2 and 
so on, to 515. Upon reaching S15, the 
‘switch’ is turned back again to $14, S13, 
and so on, down to $0, 

Each LED connected to ICs can be 
thought of as having a number between 0 
and 15, This number is applied in binary 
coded decimal (BCD) form to inputs D1- 
D4 of ICs. This should make the type de- 
scription of the IC, 4-te-16 decoder, clear: 
the device converts the 4-bit code applied 
to DI-D4 into the corresponding decimal 
number, 0 through 15. Since only one out- 
put is active (that is, logic low) at a time, 
the description 1-of-16 decoder may also be 
used. 

With 4 digital selection inputs, 2° = 16 
channels can be addressed individually. 
Output channel 0 (ICs terminal SO) is actu- 
ated by binary code 0000, and output 
channel 15 (ICs terminal 515) by binary 
code 1111. Table 1 lists all intermediate 
values, and shows the ‘walking zero’ in 
the output line configuration. Control 
input D1 changes state at the highest rate 
(0-1-0-1, etc.), and is therefore called the 
least-significant (LS) address line. Control 
input D4 changes state at every eighth 
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constructors. 


transitions of D1. In the present 4-bit sys- 


tem, it is therefore the mosf-significant 
(MS) address line. 


Counter and clock 
generator 
The 1-of-16 decoder/LED driver is ad- 


dressed by a counter, [C2. This [C contains 
4 series-connected bistables. Each of these 


divides its input frequency by 2, and sup- 
plies its output signal at a pin designated 
Q. Since there are 4 internal bistables, out- 
puts QA through QD can take on 16 dif- 
ferent logic configurations. 

The clock signal applied to input CLK 
of IC2 is divided by 2 in the first internal 
divider, which is associated with output 
QA. The clock signal divided by 4 appears 
on output QB, divided by 8 on QC, and 
divided by 16 on QD. This means that QA 
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changes at the highest rate, so that it can 
be connected to input D1 of the LED 
decoder, ICs. Similarly, MS output bit QD 
of the counter changes every 8 transitions 
of QA, so that it can be used for driving 
the MS address input of the LED decoder. 
The operation of the counter is illustrated 
by the timing diagram of Fig. 2. 

Input U/D allows the counter chip to 
be programmed to count up (0 to 15; 
U/D=1) and down (15 to 0; U/D=0). The 
bistable built from NAND gates N2 and N3 
ensures that the count direction is 
reversed automatically when state 0 or 15 
is reached. 

Pin 8 of gate Na functions as the SET 
input of the bistable, and pin 6 of N2 as the 
RESET input. Pin 10 of N3 forms output Q, 
and pin 4 of N2 output O. The logic state 
of Q is always complementary to that of 
Q, Output Q goes high when the bistable 
is set, and O when the bistable is reset. In 
the present circuit, only output Q is used. 
A logic 0 at pin 8 of N3 causes the bistable 
to be set, and output Q to go high. Output 
Q is made low again by a logic 0 at pin 6 
of Na. 

The circuit diagram shows that the bi- 
stable is set and reset by the logic low 
levels supplied by LED decoder outputs 
SO and $15 respectively. When SO goes low 
(Di lights), tt simultaneously causes the 
NAND bistable to be set, so that counter 
control input U/D is made high. As a re- 
sult, the counter starts to count up from 
state 0. Similarly, when S15 goes low (LED 
Dio lights), U/D is pulled low, so that the 
count direction is reversed. 

Inputs A through D of counter [C2 are 
Jamming-inputs that enable a preset value 
to be loaded when input PE (preset en- 
able) is made logic high. Since the counter 
is to start at state 0000, all 4 jamming in- 


Fig. 1. 
(IC2), and a clock generator (gate N1). 


puts have been tied to ground. Compo- 
nents C2 and R3 briefly take the PE input 
high at power-on, causing the counter to 
load ‘0000’ as the preset value. 

The CI (carry in/clock enable) of the 
counter is made permanently low to en- 
able the counter to work continuously. 
Counting is halted, and the current output 
state is frozen if CI is taken high. This 
option is not required here, however. 

Count mode input B/D (binary /de- 


The circuit is essentially composed of a 1-of-16 decoder/LED driver (I1C3), a counter 


cade) of IC2 is connected to +12 V because 
binary counting is required. 

The clock signal for the counter is pro- 
vided by Schmitt-trigger NAND gate Ni 
and frequency-determining components 
Ci-R2. Together, these parts form an oscil- 
lator. 


Construction 


The present circuit is probably too com- 


decimal binary 1-of-16 code | 
D4-D1 so 7 $15 
0 Oooo | OTT TAT TAIT 419144 
1 0001 TOrsdtt144144111 
2 0010 TAHT TITTIT T1174 
3 0011 LIPMAN AT 7 
4 0100 1i1GATVATITIAL 
— § | __0101 1441701140991199— 
e . OG} LAAT IV OTA a itt 14 
7 0111 1111111011111111 
8 1000 MITTIATIOTI111149 
9 1001 F7141191160119171 : 
10 1010 144tt14441011111 
14 1011 ERA cenee ees tak os 
wane 12 1100 ici ecceccece cee | 
13 A111 111 9114 
14 | 1110 REC G hE Ghaer aes 
15 1111 EGLSELER EER OES E? 


Fig. 2. 
which is composed of four cascaded bistables. 


Timing diagram illustrating the operation of counter IC2, Table 1. 


Relation between the binary input and 1-of-16 decoded 
output of decoder IC3. Note the ‘walking zero’ in the output states. 
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16-CHANNEL RUNNING LIGHTS 55) 


plex to build on a Universal Prototyping ; =I 
Board as used for other projects in this 
series. The lay-out of a suitable printed- 
circuit board is, therefore, given in Fig. 3. 

Refer to the Parts List when selecting 
the components. First mount the wire 
links, then the resistors, capacitors and IC 
sockets. The LEDs are fitted last. The in- 
troductory photograph illustrates the use 
of 16 rectangular LEDs whose terminals 
have been bent at right angles. Round 
LEDs are, of course, also suitable, and the 
constructor is left free to decide on the HOF4515BE 
most realistic appearance of the electronic = INGAPORE 
eye. Use a transparent red bezel in front of 
the LEDs to improve the visibility. Lt ne 

Although the supply voltage of the 
running lights is given as 12 V, the circuit 
also works fine when powered from a9 V 
or 5 V source. Some experimenting with 
the value of Ri and/or Ci may be re- 
quired, however, to obtain the desired 
scanning rate at relatively low supply 
voltages. Also, as a general rule, make Ri 
smaller with low supply voltages to en- 
sure sufficient LED brightness. 


ehabeests 


Parts list 


Resistors: 
Ris 1k2 
Re = 10k 
Ra = 1M0 


ef 
oe 


Capacitors 
Ci = 10); 16 V; radial 
C2:G3 = 100n 


Semiconductors: 

Di = Die-= LED; red: rectangular 
ICi = 4093 

iCa= 4029 

1C3 = 4515 


Fig. 3. Printed-circuit board for the running-lights circuit. 
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tems allow storage of only 4 pages. 
ELECTRONICS SCENE The new MV1815 supports several lan- 
| guages on the single chip, and is capable of 

Plessey’s new Type MVI8I5 Is claimed receiving all packets 0 to 31. All ‘Level-1" 
to be the world’s first single-chip teletext functions are incorporated on 
teletext dedoder, The device, manu- chip, plus many “Level-2’ features. 
factured in the company’s advanced The new Plessey device is claimed to 
1.4 micron CMOS process, also in- have improved graphics capability 
corporates a data slicer, dual acquisi- and greater programming flexibility 
tion circuitry and RGB display logic. over competitive products. 

With the MVI815, a complete 
teletext system can be built with just 
the addition of a single dynamic ran- 
dom-access memory (DRAM) chip. 
Depending on the size of the mem- 
ory, up to 254 pages of text can be 
stored for intermediate access by the 
viewer. Most currently marketed sys- 


World’s first single-chip 
teletext decoder 


Plessey Semiconductors Ltd = 
Cheney Manor + Swindon + Wilt- 
shire SN2 2QW. Telephone: (0793) 
36251. Fax: (0793) 36251 ext. 2198. 
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ANALOGUE-TO-DIGITAL 
CONVERSION TECHNIQUES 


by Julian Nolan 


The rapid growth in the digital sector of the electronics market 
has given rise to continued demands for more and more 
increases in the resolution and conversion speed of 
digital-to-analogue and analogue-to-digital converters. In spite 
of the industry meeting these demands, the selling price of all types 
of device has continued to fall. This is particularly true for 
medium speed/resolution flash devices: an 8-bit, 30 MHz type, 
for instance, is now available in quantity for well under £20. 
Advances in the digital-to-analogue converter field have been 
typified by higher specifications rather than lower prices. 


Three main analogue-to-digital (A-D) con- 
version techniques are in common use: 
successive approximation, flash and inte- 
grating conversion. 

Successive approximation has the 
advantage that for an n-bit converter only 
n number of stages are necessary in the 
successive approximation register (SAR), 
which makes this technique ideal for 
applications that require high resolution or 
low cost or both. The technique ts illus- 
trated in Fig. I. 

Initially, all output bits of the SAR are 
set to zero and then each bit, starting with 
the most significant, is set provisionally to 
one. If the output of the converter does not 
exceed the input signal voltage. the bit is 
left at one, otherwise it is reset to zero. 
From this, it is clear that an ”-bit converter 
will require only 7 such conversion steps. 


R-2R LADDER 


ANALOGUE 
VOLTAGE 
SWITCHES 


REFERENCE 


SUCCESSIVE 
APPROXIMATION 
REGISTER 


TRI- STATE 
OUTPUT 
BUFFERS 


Fig. 1 
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This makes this type of converter relative- 
ly fast in comparison with those that use 
other techniques like single- or dual-slope 
integration. 

Should the input voltage be altered dur- 
ing the conversion process, the resulting 
error will be no larger than the change dur- 
ing that time. Noise spikes, however, can 
cause totally erroneous output and must be 
avoided at all costs. 

In general, it is advisable to use a sam- 
ple-and-hold device in conjunction with 
this type of converter. 

Typical conversion times range from | [Ls 
to 50 us. while accuracies of 8-16 bits are 
available. 

Flash conversion requires 2"—1 com- 
parators, thus limiting the resolution that 
can be achieved with this technique. 
Current 1¢ fabrication technology permits 
up to 12 bits. 

Two typical flash 
devices are Analog Devices’ 
AD770 (8 bits at 200 MsPs) 
and TDC1020 (10 bits at 20 
MSPS). 

The technology relies 
more on ‘force in numbers’ 
than subtle design techniques 
at component level. As 
shown in Fig. 2, a reference 
voltage is applied to a resis- 
tive divider, whose equi- 
spaced outputs are applied to 
n—| voltage comparators. 
The Gray-code output from 
the comparators is encoded 
by the priority encoder to 
form a usable binary output. 
Typical conversion rates vary 
from 10 msps to 500 MSPs, 


while resolutions of up to 12 bits are cur- 
rently available, 

Resolutions above 16 bits are generally 
the domain of integrating converters, 
These offer good linearity and resolutivon 
while maintaining a reasonable cost/per- 
formance ratio. Typical applications 
include digital voltmeters, data acquisition 
systems, Weighing and medical systems 
where the slow conversion rate inherent in 
these converters is not significant. An 
example of integrating conversion, dual 
slope, is shown in Fig. 3. 

Initially, switch S1 is closed by the con- 
trol logic. Switch S4 is then opened and 
the input voltage integrated for n clock 
periods, where 7 is usually the maximum 
count of the counter. At the end of this 
time, the integrator voltage, Vo, is 


V,=-VinaTc /RC [1] 


where Tc is the clock period. 
During this period, the polarity of the 


Fig. 2 
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COMPARATOR 


2nd stage 


3rd stage apovedcas 


Fig. 5 


input signal is detected by the comparator. 
At the end of the integration period, St is 
opened and, depending on the polarity of 
Vin, either $2 or S3 is closed to connect the 
integrator to the reference voltage that has 
a polarity opposite to that of Vin. Next, the 
counter Is clocked from zero until the inte- 
grator output reaches 0 V: the output of 
the comparator then changes state and the 
count is stopped. Since integration takes 
place over the voltage range V,. 


Vo =-Vretnx/RC, [2] 


where nx is the count reached by the time 
the integrator output passes zero. 

Combining and rearranging [1] and [2] 
gives 
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nx = Vin / Vref [3) 


Since n and Vref are both fixed, the out- 
put count Is directly proportional to the 
input voltage. Because both the first and 
the second integration occur under identi- 
cal circumstances, the converter is not 
atfected by any long-term variations in 7c, 
R or C, as confirmed by the disappearance 
of these terms from equation [3]. 

The major factors affecting the stability 
of the converter are: 


(1) the stability of Vret; 

(2) drift in integrator and comparator 
opamps; 

(3) the stability of the ‘on’ resistance of 
Si and S3, 


Other techniques of integrating conver- 
sion are available, such as single-slope 
integration and charge balancing. These 
methods are relatively slow, however, and 
their use is restricted to applications that 
can support their relatively high conver- 
sion times. 

As is seen, none of the three methods 
discussed provides both a high resolution 
and a high conversion speed. Where these 
are required in combination, say, 16 bits at 
2 us, use is made of subranging tech- 
niques, which are normally based on a sin- 
gle high-speed flash A-b converter as 
shown in Fig. 4. 

In practice, these types of device are 
implemented in hybrid form. Some suffer 
from a reduced signal-to-quantization 
noise ratio at relatively high input frequen- 
cies, although those are not uncommon in 
A-D converters. 

Initially, the input is sampled by the 
track and hold circuit. Subsequently, the 
most significant portion of the signal is 
converted by feeding the output word into 
a fast, highly accurate D-A converter, 
whose output is subtracted from the input. 
The resulting residue is converted to digi- 
tal form at high speed and combined with 
the results of the earlier conversion to 
form the output word. Owing to the very 
high performance this technique demands 
from the adder and DAc, it is usual to 
incorporate some sort of error correction: 
a commonly encountered type is digitally 
corrected subranging (pcs), In this, the 
two bytes are combined in a manner that 
corrects the error of the LSB of the most 
significant byte. With the use of, for 
instance, an 8 and 5 bit conversion, an 
accuracte, high-speed 12-bit converter 
may be configured, although it should be 
noted that the resolution of the D-A con- 
verter must be greater than the resolution 
required to maintain conversion accuracy. 


Future developments 


Digital error correction, using a variety of 
techniques. from integrating to subrang- 
ing, is now being introduced into a wide 
range of devices. This trend is likely to 
continue and, with the ever decreasing 
cost of data conversion products, will 
become increasingly relevant to the low- 
cost end of the market. 

As regards conversion techniques, the 
serial converter or cascaded encoder as 
shown in Fig. 5 may well make a come 
back. First used in the 1960s as a method 
of A-p conversion, the serial converter is 
based on a number of comparators, cach 
taking the residue of the previous stage 
and comparing it to a reference voltage. If 
the input is higher than the reference, a | 
is produced at the output, and the residue 
of the original input signal is subtracted 
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Fig. 6 


from the reference and passed on to the 
next stage. If the input does not exceed the 
reference, the signal is passed to the next 
stage unaltered. It is usual to incorporate a 
x2 amplifier to enable the use of a single 
reference voltage and restrict problems 
with noise. 

In practice, this system has provided 
difficult to implement owing to errors 
introduced by the comparators and ampli- 
fiers, noise and also poor transfer charac- 
teristics in high-speed systems. With the 
advent of high-performance analogue 
components, however, some manufactur- 
ers are reconsidering this technique, since 
it offers a unique blend of speed, resolu- 
tion, and low component count — at least 
in theory. 


Design considerations 


The effective resolution at a specified 
input frequency is usually not quoted in 
the manufacturers’ data sheets and can 
often be well below the stated optimum, A 
graph of the SNR/effective number of bits 
vs the input frequency of an 8 bit, 
100 MHz sampling A-b converter with a 
bandwidth of 40 MHz from a well-known 
manufacturer is shown in Fig. 6. 

It is seen that at an input of 40 MHz 
and a sampling rate of 102.4 MHz, the 
effective resolution is about 6 bits. That 
means that only 64 possible output states 
are provided instead of the 256 that would 
have been available if the full 8-bit resolu- 
tion had been maintained. 

For applications that require a specified 
resolution to be maintained over the 
greater part of the input frequency, it is 
well worth considering, in situations that 
are not cost critical, over-specifying the AD 
converter to meet the requirement. 

Although problems are evident in AD 
converter applications below 12 bits, most 
occur with accuracies of 12 bits or more, 
or with high-speed systems, where the 
problems are accentuated at higher resolu- 
tions. 


If successive approximation is chosen 
for the A-bD conversion, a sample-and-hold 
stage Is essential and this may be a source 
of trouble in itself. Increasingly, however, 
some manufacturers, such as Datel in their 
12-bit, 500 kHz Abs-1I11, are incorporating 
a S&H In the A-D converter package. 
However, there may be advantages, such 
as a reduction in cost or an improved spec- 
ification, in using a separate S&H stage. 

Three main building blocks are con- 
tained in a S&H stage: a capacitor, an ana- 
logue switch and a buffer amplifier. Some 
require an external hold capacitor, which 
must be chosen with great care as regards 
its dielectric absorption properties. Teflon 
or polystyrene capacitors, whose dielectric 
absorption is fairly small, are well suited 
to this purpose. 

If the sampling system is used as the 
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Fig. 7 


front end in an FPT system, particular 
attention should be paid to the aperture 
uncertainty and aperture time, The time 
should be chosen so that at the highest fre- 
quency the component does not change by 
more than one bit in the allotted time. It 
should also be noted that the s&H will 
always add errors to the A-D converter 
owing to effects such as non-linearity of 
the S&H off-set. 

The use of a sin gle package contain 
ing the AD converter and the sé has the 
advantages that some of the problems 
mentioned are minimized and noise may 
be less of a problem, especially in high- 
resolution systems. 

Apart from the Datel device already 
mentioned, some other single-package 
units are the Sipex HS9474 and Analog 
Devices AD1332 (which includes an anti- 
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aliasing filter). 

Whatever technique is used, the ana- 
logue input section is vital to the operation 
of the converter, and usually includes one 
or more references in addition to conver- 
sion technique specific components like 
comparators and DA converters. 

In ratiometric conversion, the reference 
is usually external and variable. In gener- 
al, an on-chip reference usually helps to 
minimize noise, but in a number of cases 
advantages may be obtained from an 
external reference. 

It is worth noting that the current- 
switching action of the D-A converter, at 
the typically fast clock rates used in suc- 
cessive approximation converters, may 
disturb the output of the analogue signal 
source, especially if it is a high-precision 
opamp, with a low slew rate. In that case, 
buffering will be necessary. 


Design techniques 

Whereas digital circuits may have noise 
margins of a few hundred millivolts, there 
is no room whatsoever for noise in ana- 
logue circuits. For instance, a 12-bit reso- 
lution A-b converter with a full-scale range 
of 3 V has a 0.5 LSB corresponding to 
0.61 mV. 

Power supplies are among the major 
sources of noise: the output of switch- 
mode types may have a noise level of 
more than [OO m¥. Although the ability of 
an A-D converter to suppress DC supply 
changes, such as long-term drift (expres- 
sed as the power supply rejection ratio — 
PSRR), Is usually good, HF noise is normal- 
ly not suppressed to any great extent. 
Wherever possible. the supply voltages for 
the analogue section should be provided 
by a linear supply and bypasssed direct at 
the A-b converter. A multi-layer capacitor 
in parallel with a tantalum capacitor pro- 
vides a suitable bypass. 

To avoid ground loops, it is advanta- 
gcous to have a ‘star point’ as close to the 
AD converter as possible — see Fig. 7. All 
ground lines should be of low impedance, 
necessitating wide ground tracks on the 
PCB or, preferably, particularly if double- 
sided or multi-layer boards are used, a 
separate ground plane underneath the AD 
converter package. In some cases, shield- 
ing the converter package from the top 
may be necessary. 

Unless the analogue signal is free of 
noise, there is little point in taking the pro- 
lective measures mentioned. To reduce the 
noise, suitable filters and shielded cables 
should be used. 


Applications 


Some of the factors worth considering 
when choosing an A-p converter for a par- 
ticular application are: 
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* type of converter; 

* required conversion speed: 
* required resolution; 

*  cost-to-performance ratio; 
* accuracy required; 

* interface requirements; 

* power requirements; 

* physical dimensions. 


The applications of A-b converters are 
numerous and have increased at almost the 
same rate as their performance. Common 
applications include, among others, data 
acquisition, measurement systems, analyti- 
cal and medical systems, and filter control. 
A typical application: an A-b convertor-to- 
microprocessor interface, here between a 
PMI ADC-9012 and a 6502, is shown in 
Fig. 8. The circuit is fairly straightforward, 
except that the two LSBs are connected to 
data bits DB2 and DB3. The ADC-9012, a 
10-bit 6 us converter, makes special provi- 
sion for this, A suitable interrupt service 


routine flow diagram is shown in Fig. 9. 

Peak detection is one field of applica- 
tions not usually associated with A-D con- 
verters, but it has become feasible with 
Ferranti's 8-bit converter Type ZN425E, 
which has an 8-bit counter on board. 

The circuit diagram of a basic imple- 
mentation of this is shown in Fig. 10 — 
note that only a small number of external 
components is required. The comparator 
enables pulses from the trigger circuit to 
be clocked by the internal counter and this 
produces a ramp output until it attains the 
level of the analogue input. Although 
rather inaccurate in this particular config- 
uration, the circuit can be readily modified 
by the use of higher resolution A-b con- 
verters. 

The AD7820 is a 1,36 Us, 8-bit micro- 
processor compatible A-b converter that 
has the advantage of not requiring user 
trims. The circuit shown in Fig. 11 enables 
a 9-bit resolution to be obtained by the use 


of two of these devices: full microproces- 
sor interfacing is provided. Usually, this 
type of circuit is of limited application, 
because of its significantly increased chip 
count and cost if increases in resolution of 
more than a few bits are required. 
Nevertheless, this type of configuration is 
still worth considering in applications 
where either the cost or availability of a 
more conventional single-package solu- 
tion would prove prohibitive. 
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Towards universal skyphones 


INMARSAT, the International Maritime 
Satellite Organization, has joined forces 
with the International Civil Aviation 
Organization (ICAO) to plan and provide 
airborne satellite communications for both 
airliner crews and their passengers. 

INMARSAT, a global satellite operator 
with investors from 56 countries, provides 
mobile communications world-wide. 
Almost 9,000 ships and land transportable 
units currently use the the INMARSAT 
Standard-A satellite communications sys- 
tem for direct-dial telephone, telex, fac- 
simile and data communications. 
INMARSAT has offered a similar range of 
services for aircraft after the first commer- 
cial satellite phone call from an aircraft 
last February. 

ICAO is the international regulatory 
body for civil aviation matters. 

The new agreement confirms the capa- 
bility of INMARSAT to offer mobile satellite 
communications services in support of air 
traffic services, airline operations and 
administration, and passenger communica- 
tions. It also recognizes ICAO's exclusive 
competence to establish international stan- 
dards and recommended practices in aero- 
nautical communications. 


New computer speeds up overseas mail 


A new computer system, the Tatom 
(Tracking and Tracing of Overseas Mail), 
has been taken into use by the British Post 
Office. 

Tatom gives information about flight 
schedules and cargo space, matches the 


demand with available space, determines 
the fastest routes, and tracks every mail- 
bag with a bar code label. 

Since this is the way all major Euro- 
pean countries want to go, the Post Office 
expects that eventually there will be a total 
link-up of all the computers of all the post 
offices. Already, talks are underway 
between the world’s major post offices to 


use the system to privide full control of 


mail movements world-wide. 


Old recordings as good as new 


The bumps, scratches and hiss on early 
recordings can now be eradicated entirely 
by a new process developed by musicians 
and computer experts at Cambridge Sound 
Restoration. 

Cedar (Computerized Enhanced Digital 
Audio Restoration) can be applied to any 
material used for recordings, such as wax, 
vinyl or film, by digitizing the original 
sound, removing the extraneous noise 
aand giving the listener the exact unmuf- 
fled performance. 

Cedar's first success was with a 1953 
performance of Gustav Holst's Planet 
Suite by the London Philharmonic 
Orchestra conducted by Sir Adrian Boult. 
The recording was marred by hisses, 
cracks and thumps and something like a 
potato fryer sizzling away in the 
background. The restored disc is clear and 
noise-free, sounding as pristine as when it 
was first made. 


All other known noisc-eradicating pro- 
cesses use some kind of filtering that auto- 
matically affects the sound signal as well 
as the offending hiss and scratches, but 
Cedar gives the true performance. 

Cedar was invented by Cambridge 
Sound Restoration (CSR) and is closely tied 
to the British Library's National Sound 
Archive. 

At the request of the National Sound 
Archive, Dr Peter Raynor, whose research 
work at Cambridge University is the basis 
of Cedar, used a computer to distinguish 
between signal and noise on a recording, 
He then developed a set of algorithms to 
separate the noise without affecting the 
signal. Where the signal itself was flawed, 
he perfected an interpolation algorithm. 
This enables the computer to analyse the 
signal on either side of the flaw and calcu- 
late the most likely waveform to fill the 
gap. The result is that even records that 
have been broken can be glued together 
and treated by the process, providing the 
break is clean. 

Because each picce of music or speech 
recording is different, a diverse set of 
problems is presented each time, which 
means that Cedar is being refined con- 
stantly. The most striking advance since 
the company's formation last February is 
the speed of the process. Initially, it took 
about 24 hours to process a few minutes of 
recording. Now it takes only slightly 
longer than the recording itself. 

There are enough old recordings to 
keep Csr busy for a long time. The Natio- 
nal Archive alone has more than one mil- 
lion items, while the BBC and record com- 
panies have virtually every recording since 
the gramophone was invented in 1877. 
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FROM THE SATELLITE-TV DESK 


with a contribution by P.N.P. Wintergreen 


In line with this month’s theme, Satellite and Cable TV, sundry 
matters are discussed that relate to our recent publications in the 


increasingly popular field of satellite-TV reception. 


Astra on the Indoor Unit 


The numerous constructors of the Indoor 
Unit for Satellite TV Reception (Ref. 1) 
will be pleased to learn that it is fairly 
simple to modify this receiver to accomo- 
date the channel bandwidth used by the 
16 transponders on the Astra-lA me- 
dium-power TV satellite at 19.2 degrees 
East. 

The IF amplifier, composed of active 
elements Tz, [Ci and Ts, provides about 
42 dB gain at a centre frequency of 
610 MHz and a 3 dB bandwidth of about 
36 MHz, as required for communication 
satellites in the ECS and Intelsat series. 
The Astra-1A, however, uses a channel 
bandwidth of 27 MHz. Since the receiver 
is 36 MHz wide, reception of Astra-1A 
often gives rise to interference between 
adjacent channels. Fortunately, the prob- 
lem is simple to resolve by reducing the 
bandwidth of band-pass filters La-La and 
Le-L7. Cut two 3 mm high, 20 mm long 


Fig. 1. Pass-band curve of the unmodified 
IF amplifier (BW = 36 MHz; top photograph) 
and that of the modified version (BW = 28 
MHz; lower photograph). 
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pieces of tin plate or brass. One of these 
pieces is soldered vertically between La 
and La, the other between Ls and L?. The 
screens prevent the inductors ‘seeing’ 
each other, and change the coupling from 
inductive to capacitive via the trimmers at 
the RF side of each line inductor. 

The results of this modification are 
shown in the photographs of Fig. 1: the IF 
bandwidth has been reduced by about 
8 MHz, which solves all problems in the 
reception of Astra-1A. Note that the IF 
centre frequency change from 610 MHz to 
595 MHz is irrelevant to the operation of 
the receiver, since the PLL and IF filters 
can be adjusted accordingly. 

During the re-adjustment the IF ampli- 
fier for the lower bandwidth, the spec- 
trum analyser indicated out-of-band 
oscillation at about 700 MHz. Fortunately, 
this troublesome effect proved simple to 
eliminate by fitting a resistor in series 
with the input of the hybrid IF amplifier, 
IC), Cut the track from pin 1 to Ci2 close 
to pin L,and remove some copper at either 
side to make room for a 10 Q chip resistor 
that must be soldered direct on to the track 
ends. 


Filmnet decoder and 
Amstrad SRX receiver 


At the time the Filmnet decoder (Ref. 2) 
was published, it was not known whether 
the SATPAK scrambling system em- 
ployed on the ECS-4 would be used for 
Filmnet’s transmissions on Astra-lA as 
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Fig. 2. 
Filmnet decoder. 


Megasat’s System 7000 uses a 60 cm dish 
and a Uniden indoor unit. 


well. We have now learnt that this is the 
case, so that owners of an Astra-com- 
patible receive system can confidently 
build the Filmnet decoder and watch the 
programmes on channel 11. 

The Amstrad SRX200 indoor unit has a 
15-way sub-D connector for future exten- 
sions such as a Eurocrypt or Videocypher 
decoder. This connector, whose pinning is 
largely standardized among manufac- 
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Connections between the SRX200 Astra receiver and the Elektor Electronics 
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1 audio return Li 500-700 m¥ into 10kQ2 

2 video return 1 Vpp into 75a 

3 video control voltage ...0 V or +12 V 

4 baseband output..........25 Hz —- 10.5 MHz 
ana vol-3 dB) 

5 video output... 1 Vpp into 750 

6 audio return R.............. 500-700 mV into 10k 

7 audio control voltage...0 V or +12 V 

8 ground 

9 spare 

10 spare 

11 ground 

12 audio output bo. 500-700 mV into 10kg2 

13 audio output Ri 500-700 mV into 10k 

14 spare 

15 spare 


Fig. 3. 


Pinning and signal assignment of 
the INTERFACE connector at the back of the 
Amstrad SRX200 Indoor Unit. 


turers of Astra receiver sets, is marked 
INTERFACE in the case of the SRX200 
(Fig. 3). The mating 15-way ‘high-density’ 
plug should be available from your satel- 
lite-TV dealer. 

The combination of the Filmnet 
decoder and the SRX200 gives excellent 
results when the units are connected as 
shown in Fig. 2. The inputs of the video 
processing circuitry and the 7.56 MHz 
NBFM pulse receiver in the decoder are 
connected as shown in Fig. 11 in Ref. 2. 
The common input is driven with the un- 
clamped video signal available at INTER- 
FACE connector pin 5. A 500 Q preset is 
fitted at the input of the video board of the 
Filmnet decoder to enable the video out- 
put level to be set to 1 Vpp. 

The home-made screened cable is 
about 75 cm long, and enables automatic 
switch-over and video rerouteing by the 
use of a control input on the SRX200. 
When taken to +12 V, this input causes the 
video circuitry in the SRX200 to switch 
over to the decoded Filmnet signal ap- 
plied to pin 2 of the INTERFACE connector. 
A 6-pin 270° DIN connector is used at the 
decoder side of the cable. The pinning is 
arbritary. 

Two components, a LED and a resistor, 
are added to the decoder (see Fig. 2). The 
combination is connected to the output of 
opamp As, which functions as the driver 
for the ‘encoded’ LED. The added LED 
does not function as an indicator but as a 
1.4 V zener diode. It must, therefore, be a 
red 5 mm type to ensure the correct for- 
ward drop. 


Fig. 4. 


BIOS 


Circuit diagram of a composite-sync pulse demodulator for cable networks. The 


chip used is actually an AM video demodulator . 


Filmnet decoder and cable 
networks 


Many readers from continental Europe 
have requested information on the con- 
version of the Filmnet decoder for use 
with their radio & TV cable network. 


AM pulse receiver 
Although details of the operation of the 
SATPAK scrambling equipment on cable 
networks are given in Ref. 2, a brief sum- 
mary is given here. 

On most cable networks, the c-sync 
pulses are amplitude-modulated on to the 
frequency-modulated sound subcarrier at 
5.5 MHz (6.0 MHz in the UK and some 
other countries). The 7.56 MHz NBFM 
pulse receiver used with an indoor unit is, 
therefore, not required if you havea cable 
connection. 

A suggested circuit of an AM pulse 
receiver is shown in Fig. 4. The input of 
the demodulator is driven by the video 


signal (scrambled or descrambled), which 
usually contains a strong enough 5.5 MHz 
component to enable driving the sensitive 
AM pulse receiver. Inductor Li is a home- 
made type dimensioned for resonance at 
5.5 MHz. Itis damped by Re to prevent FM 
demodulation. The primary of Li has 
about 10 turns, the secondary about 50. 
The wire used is dia. 0.1 mm enamelled 
copper. 

The demodulator chip, a Type 
TDA2541, is quite sensitive, so that high 
signal levels are not required at the bal- 
anced input. Inductor L2 is a ready-made 
type from Toko with a built-in parallel 
capacitor. This inductor is also damped 
for the same reason as L1. The values of the 
damping resistors may have to be 
changed to eliminate spurious pulses at 
the c-sync output owing to the frequency- 
modulated sound on the 5.5 MHz subear- 
rier. 

Collector follower Ti feeds the inverted 
c-sync pulses to the relevant input of the 


Two Ferguson satellite TV reception packages: to the left the SPB1 with a ‘squarial’ flat-plate 
antenna for BSB reception, and to the right the SAP1 for Astra reception. 
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Perhaps one of the more useful novelties 
shown on the recent Cable & Satellite ex- 
hibition: Connexions’ Professional Satellite 
Installation Kit. The kit comprises an incli- 
nomter, a multimeter, an insertion tool, F- 
type 2-way splitters, F-type couplers, and an 
N-to-F adaptor. 


decoder. The amplitude of the c-syne sig- 
nal should be about 0.5 Vpp. If required, 
the demodulator can be modified for 
operation at 33.4 MHz (38.9 — 5.5) simply 
by fitting the appropriate inductors. 


Pulse shifter 

Logic circuitry in the head-end station of 
most cable networks shifts the position of 
the sync pulses to where their regenerated 
counterparts should be in the decoded sig- 
nal. The c-sync timing is, therefore, differ- 
ent from that used on the satellite, as 
shown in Fig. 5c in Ref. 2. A small circuit 
is required to compensate the shift — see 
Fig. 5. The In capacitor is connected to 
pin 15 of ICio. The connection between 
pin 15 of ICia (RST input) and pin 4 of [C2 
(Ni) on the main decoder board is broken, 
and the collector of the BC547B is con- 
nected to pin 15 of [Cia, The preset is care- 
fully adjusted until the timing of Fig. 5a is 
achieved, 


890171-14 


Fig. 5. This little circuit corrects the tim- 
ing of the c-sync pulses as they are received 
from the cable network. 
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Line-up 

In conclusion, these are the units and cir- 
cuits required to get the Filmnet decoder 
to work from a cable network: 

* A TV tuner plus IF unit. The tuner is 
tuned to the Filmnet channel (VHF or 
UHF) used on the cable network. It has 
been modified to supply an unclamped 
video signal of 1 Vpp, whose polarity is, 
in principle, irrelevant as it is automat- 
ically corrected by the decoder, If the 
video signal is clamped in any way, or 
non-linear, the decoder will supply a flic- 
kering picture. Suitable tuners and IF 
units are usually available from elec- 
tronic surplus stores. 

* The circuit of Fig. 4. The input is con- 
nected via screened cable to the video 
output of the tuner. 

* The circuit of Fig. 5. 


Further details on signal levels, modifica- 
tions, adjustments and connections are 
hard to give because there are many dif- 
ferent types of surplus tuners and IF mo- 
dules around, all of which pose their own 
typical problems as to the disabling of the 
video clamping circuitry and the modifi- 
cation of the AGC (automatic gain con- 
trol) constant. Also, the c-syne timing 
discussed above may be quite different on 
your cable network. 

In conclusion, the conversion of the 
Filmnet decoder for use on a cable net- 
work requires quite some skill in working 
with RF and video circuits and is, there- 
fore, not to be taken lightly. 
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Some useful addresses: 


Connexions (UK) PLe ¢ Unit 3 © South 
Mimms Distribution Centre * Huggins 
Lane © Welham Green ¢ Hertfordshire 
AL9 7LE. Telephone: (07072) 72091. Fax: 
(07072) 69444. Telex: 295181. 


Cambridge Computer Ltd. © Bridge 
House * 10 Bridge Street ¢ Cambridge 
CB2 1UE. Telephone: (0223) 
312182 /323268. 


For Maspro products please contact 
Micro-X * Unit 2 ¢ Drury Way Industrial 
Estate * Laxcon Close « London NW10 
OTG. Telephone: (01 459) 1200. Fax: (01 
459) 0110. 


Megasat Ltd. * 5 St. Pancras Commercial 
Centre * Pratt Street « London NW1 OBY. 
Telephone: (01 267) 5222. Telex: 94015803 
MEGA G. Fax: (01 485) 1342. 


Ferguson ¢ Cambridge House ¢ 270 Great 
Cambridge Road * Enfield * Middlesex 
EN1 1ND. Telephone: (01 363) 5353. Telex: 
916304 FERG G. 


FROM THE SATELLITE-TY DESK 


Maspro’s 65 cm offdet dish and SRE9OR in- 
door unit. The receiver features 50-channel 
capability, remote control handset, parental 
lock facility, 12-programme storage, and a 
skew facility. 


The new 60 cm Cambridge dish and associ- 
ated set-top receiver with stereo output. 
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READERS SERVICES 


All orders, except for subscriptions and 
past issues, must be sent BY POST to 
our Landon office using the appropriate 
form opposite. Please note that we can 
not deal with PERSONAL CALLERS, as 
no stock is carried at the editorial 
offices, 

All prices shawn are net and customers 
in the UK should add VAT where 
shown, ALL customers must add 
postage and packing charges for orders 
up to £15.00 as follows: UK, £1.00; 
Europe, £1,50; other countries, £2.00 
{surface mail} or £3,00 {airmail}, For 
orders aver £15.00, but not exceeding 
£50.00, these p&p charges should be 
doubled. For orders over £50.00 in 
value, p&p charges will be advised. 


SUBSCRIPTIONS 


Subscriptions can be provided 
anywhere in the warld: apply to Elektor 
Elactronics ¢ Worldwide Subscription 
Service Ltd e Unit 4 e Gibbs Reed 
Farm @ TICEHURST TN5 7HE e@ 
England. 


LETTERS 


Letters of a general nature, or express- 
ing an opinion, or concerning a matter 
of common interest in the field of elec- 
tronics, should be addressed to The 
Editor. Their publication in Elektor Elec- 
tronics is at the discretion of the Editor. 


PAST ISSUES 


A limited number of past issues (from 
JulyiAugust 1987 onwards) is available 
fram Worldwide Subscription Service 
Ltd e Unit 4 @ Gibbs Reed Farm @ 
TICEHURST TNS 7HE @ England, to 
whom orders should be sent. Prices in- 
cluding postage for single copies are 
£1.90 [UK and Europe} £2.25 (outside 
Europe — surface mail) or £3.75 {out- 
side Europe — airmail). 


PAST ARTICLES 


Photo copies of articles from January 
1978 onwards can be provided, 
postage paid, at £1.50 {UK and 
Europe), £2.00 (outside Europe — sur- 
face mail), or £2.50 (outside Europe — 
sirmail}), These copies may be ordered 
from our editorial offices in London. 


TECHNICAL QUERIES 


Although we are always prepared to 
assist readers in solving difficulties they 
may experience with projects that have 
appeared in Elektor Electronics during 
the PAST THREE YEARS ONLY, we 
fegret that these can not in any cir- 
cumstances be dealt with by telephone. 


COMPONENTS 


Components for projects appearing in 
Elektor Electronics are usually available 
from appropriate advertisers in this 
magazine. If difficulties in the supply of 
components are envisaged, a source 
will normally be advised in the article. 


BOOKS 


301 Circuits . lf 
BOA GIUNG 6 cn asiei bS 8 usaies was £6.25 
SO CHEDIEG 's 6,o aan a ae sGaeceos 2 £7.95 


Data Sheet Book 2 
Microprocessor Data book 


BINDERS 


Elektor Electronics binder 


FRONT PANELS 


No. Price VAT 


Intelligent time {€)  {E} 


standard 86124-F 15.70 2.36 
Autoranging DMM §87099-F 2.80 0.42 
Frequency meter 87286-F 10.75 1.61 


Microcontroller-driven 
power supply 880016-F 28.75 
Preamplifier for 


purists 880132-F 8.25 1.24 
Autonomous I/O con- 
troller B80184-F 8.50 1.28 


Analogue Multimeter880035-F 7.00 1.05 


This order should be sent to: 


ELEKTOR ELECTRONICS 
(PUBLISHING) 

DOWN HOUSE 
BROOMHILL ROAD 


LONDON SWI8 4JQ 
ENGLAND 


C] Bank draft 


! |1Postal/money order 


ORDER FORM 


Method of payment (tick as appropriate): 


— Cheque (payable to ELEKTOR ELECTRONICS) 
[|Giro transfer (our A/c no. 34 152 3801) 


' |Access A/c 


Seas e ee ee 


Card expiry date: 


SOFTWARE 


Software in (E/PROMs No. Price VAT 
(é) (£) 

uP-controlled frequency 

meter 1 x 2732 531 9.00 1.95 
X-Y plotter 

1 * 2732 532 9,00 1.35 
programmable timer 

1 «x 2732 §35 9.00 1,35 
GHz pre-scaler 

¥ x 2732 536N 39.00 1.35 
automate your 

model railway 

1 x 2716 537 7.430 1,10 
marine coniputer 

? x 2716 538 7.30 1.10 
Jumbo clock 

2 x 2716 639 14,60 2.20 
Graphics card 

2 x 628123 543 93.60 1,44 
printer buffer 

1 « 2716 545 7.30 1.10 
MSX EPROMmer 

1 x 27128 552UK 7.30 1.10 
Intelligent time standard 

1 x 2764 553° 10.00 1.50 
Interface for high- 

resolution LC screens 

1 x 2764 560 10.00 1.50 
1'0 extension for IBM 

1 « PALI6L8 561 8.75 1,32 
Centronics interface for 

slide fader 1 x PAL1GR4 562 8.75 1.32 
uP-controlled radia 

synthesizer 1 x 27C64 564 10.00 1.50 
Portable MIDI keyboard 

1 «x 2764 567 10.00 1.50 
Pitch contro! for CD 

players 1 x 2764 568 10.00 1.50 
MIDI control unit 

1 x 27064 570 10.00 1.50 
Slave indication unit 

for LT.S. 1 x 8748H 7OG 8415.00 2.25 
EPROM emulator 

1 x 8748H 701 15.00 2.25 


Micracontroller-driven 
power supply 1 8751 
Autonomous VO 


controller 1 x 8751 704 47.50 7.13 
Transmission & reception 
of RITY XSS-100 8.00 1.20 


Send formutted 3.5 in diskette containing 
MSXDOS.COM and COMMAND.COM) 
FAX interface 

for Atari ST ESS-102 
for Archimedes ESS 103 
(Send formatted 3.5 in. diskettel 


8.00 1,20 
8.00 1.26 
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Lagic Analyser with Atari 

ST (incl. diskettet ESS-111 
Computer-contralied 

teletext lincl.diskettel ESS-113 


VAT No. 454 135 463 


Post code 


Telephone Date 


Please supply the following. For PCBs, front panels, EPROMs, and cassettes, state the part no. 
and description; for books, state the full title; for photocopies of articles, state full name of 
article and month and year of publication. Please use block capitals. For TERMS OF BUSINESS 
see overleaf. 


Signature: 


10,00 


10.00 


1.50 


1,50 


PRINTED CIRCUITS 


No. 


JANUARY 1989 
Thyristor speed control 87200 
Fax interface for Atari 


ST/Archimedes 880109 
MIDI control unit 880178-1 
880178-2 
Low-budget capaci 
tance meter UPB-S1 
FEBRUARY 1989 
MOSFET power 
amplifier 87096 
The digital teain 87291-1 
Touch key organ 886077 
Car service module 86765 
886126 
VHF receiver 886127 
Dark-room timer 886100 


MARCH 19389 
Diesel sound generator BBOOOG 
VHEIUHF wide-band 


amplifiers 880196 
Pawer line modem 880189 
ATN Fiimnet decoder 890002 


Centronics buffer 


Price 
(£) 


VAT 
(€) 


Not available 


7.35 
9.05 
6.65 


1.95 


12.35 
4.20 
10,05 
3.60 
4.10 
7.45 


1.10 
1.36 
1.00 


0.29 


1.85 
0,63 
1.16 
0.54 
0.62 
at 4 


Not available 


Not available 


Not available 


6.10 


0.92 


Nat available 


890007-1 19,60 2.94 


890007-2 2.15 0.33 


890007-3 
APRIL 1989 
The digital train 
Class D amplifier 
DLF frequency 


reference 
Function generator UPBS-1 
Triplet 890013-1 
890013-2 
Multi-point 1A control 890019-1 
890019.2 
Video recording 
amplifier 889502 


8.35 


1.95 
6.65 
6.80 
3.45 
4.05 


1.26 


87291-2:3 4.30 0.65 
880009 Not available 


880197 Not available 


0.29 
1.00 
1.02 
0,62 
0.61 


See advert on pp.8-9 


No. Price VAT 
MAY 1989 (f) tet 
RDS decoder 880209 Not available 
Digital model train (4) 87291-4 5,25 0.79 
Analogue Multimeter 890035 12.50 1.88 


In-line RS-232 monitor B90036 Not available 
Code converter for 
Centronics-compatible 


printers 890058 Not available 


DTMF system decoder 890060 6.50 0.98 
Transistor tester 896029 Not available 
Sine wave converter UPB-S1 1.95 0.29 


Super-VHS to RGB 


converter See advert on pp. 8-9 


JUNE 1989 
B-digit frequency meter 88012B 11.50 1,73 
In-line R5232 monitor 890036 Not available 
In-circuit transistor 
tester 

Echo unit 


B90079 Not available 
See advert on p.8-9 


July/August 1989 

MIDI keyboard interface 
decoder board 890105-1 7.00 1.05 
controller board 890106-2 5.25 0,79 

Tracking tester See advert on pp. 8-9 

Tast pattern generator 890020 Not availabla 

DC-AC power 


converter B90056 Not available 
Floppy disk monitor 890078 4,25 0.64 

display board 85019 3.25 048 
Function generator UPBS-1 1.95 0.29 
Call tone generator 994016 Not available 
Sound level meter 894024 3.50 0.53 
Mains-failure indicator 894030 Not available 


Radio beacon converter 894041 
Low-noise microphone 


Not available 


preamplifier 894063 3.75 0.56 
Bucket brigade delay 
line 894055 3.75 0.56 


SEPTEMBER 1989 


Digital model train 87291.)V¥ 6.70 1.00 
Stereo viewer 890044 5.57 0,86 
Simple FM receiver 890118 Not available 
Centronics monitor 690123 6.50 0.83 
Resonance meter 886071 3.90 0,59 
OCTOBER 1989 

inductance meter 890119 7.25 1.09 
Logic analyser with 

Atari ST 890126 6.25 0,79 
CD error detector 890131 6.00 0.90 
16-channei running 

lights 896072 Not available 


RGB-to-CBS converter See advert on pp. 8-9 


FLAME MASTER 
HOT GAS SOLDERING TOOL 


Superb Pocket Size Portable Gas 
Soldering Iron 


Powered by Butane Gas 
Simple to Refill 

Temperature up to 400°C (750°F) 
Up to 2 Hours Continuous Use 


oar 


FLAME MASTER 
5 IN 1 HOT GAS TOOL KIT 


Complete with tough moulded to measure case and including: 


MULTI-PURPOSE TOOL 
4 Interchangeable Soldering Iron Tips 
Soldering Iron 
Hot Cutting Knife 
Wide Area Flame Torch 
High Temperature Flame Torch 
Hot Air Blower 


GREAT FOR 
Electrical and Electric Work 
Cutting Plastics and Fibres 
Sealing, Bonding and Shrinking 
Removing Paint and Putty 


The Flame Master hot gas tool kit has many uses. It can be a soldering iron, 
a pencil flame torch, a hot air blower or a wide (flat) flame torch. 

You can fit the soldering head with a selection of soldering tips and the hot knife, or you 
can fit the flame head, onto which you can attach the hot blower or the wide flame unit. 
The choice is yours! 
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Order Coupon Send this coupon to P.O. Box 3, Rayleigh, Essex SS6 8LR : ELECTRO N ICS 
Quantity | Description Code H 
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1a aeRO IERIE Post Code ........-cssersrersseee Total 


| authorise you to debit my Credit Card account for the cost of goods despatched. 


aed lie ITIL | PHONE BEFORE 5PM FOR SAME DAY DESPATCH 


' ALL PRICES INCLUDE VAT. 
' All items subject to availability, both items will be on sale in our shops in 
Hordering by Credit Card please Sign -...........-..scsssescsssssescseseecesssessseeessuesessnscsanarssaneennneretens : Birmingham, Bristol, Leeds, Hammersmith, Edgware, Manchester, Nottingham, 
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